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ABSTRACT 
The Sevier River Basin is a water short basin wherein upstream 
diversions not consumptively used become the water right for down-
stream users. The diversion-return cycle occurs several times as the 
stream travels from its mountain source areas to the terminal lake at 
the lower end of the basin. This study dealt with the proposed imple-
mentation of conservation measures which would waste less diverted 
water and allow for irrigation of additional acres. The objective was 
to predict the hydrosalinity impacts of the implementation of these 
measures. The results indicated that increased consumptive use in the 
upper areas would decrease the water supply but would only increase 
the salinity by 2-300 mg/l. However, the salinity increase in the 
lower basins from additional use caused the salinity levels to in-
crease significantly and the water supply to reduce significantly. 
The results came from the application of a hydrosalinity model to 
the upper subbasins. Some problems were encountered while predicting 
outflows over a 14 year period because the data relationship did not 
seem to remain constant for that period. Additional investigation of 
that anomoly would shed more insight to the problem. 
ACKNOWLEDGMENTS 
The monetary support for this project came from the Utah State 
Division of Water Rights and from the State Appropriations to the 
Utah Water Research Laboratory (WA26). Considerable time was given by 
V. A. Narasimhan and A. L. Huber in discussing model processes, 
process interactions, and model results. 
INTRODUCTION 
PROCEDURE 
SUBBASINS 
DATA COLLECTION 
Flow Data 
TABLE OF CONTENTS 
Precipitation and Temperature Data 
Diversion Data 
Groundwater Data 
Land Use Data 
Salinity Data 
DATA PREPARATION 
SIMULATION MODELING 
THE MODEL AND CALIBRATION 
Model . 
Calibration 
OUTPUT DISPARITY 
MODEL PREDICTIONS 
Circleville 
East Fork 
Marysvale 
Sigurd 
Salina 
ADDITIONAL RUNS 
SUMMARY 
CONCLUSIONS 
REFERENCES 
v 
Page 
1 
2 
2 
2 
4 
4 
4 
4 
4 
5 
5 
.5 
5 
5 
8 
8 
8 
33 
33 
35 
35 
35 
36 
37 
38 
39 
LIST OF FIGURES 
Figure 
1. Sevier River subbasins and data stations 
2. Schematic diagram of hydrosalinity model 
3. Agreement between measured and simulated surface 
outflow - Circleville 
4. Agreement between measured and simulated surface 
outflow - East Fork 
5. Agreement between measured and simulated surface 
outflow Marysvale 
6. Agreement between measured and simulated surface 
outflow Sigurd 
7. Agreement between measured and simulated surface 
outflow - Salina 
8. Agreement between measured and simulated surface 
outflow - Circleville 
9. Agreement between measured and simulated salt 
outflow - Circleville 
10. Agreement between measured and simulated surface 
outflow East Fork 
11. Agreement between measured and simulated surface 
outflow - Marysvale 
12. Agreement between measured and simulated salt 
outflow - Marysvale 
13. Agreement between measured and simulated surface 
outflow - Sigurd 
14. Agreement between measured and simulated salt 
outflow - Sigurd 
15. Agreement between measu'red and simulated surface 
outflow - Salina 
16. Agreement between measured and simulated salt 
outflow - Salina 
17. Relationship between diversions of Marysvale and 
Sigurd, 1962 to 1975 
18. Temperature relationship between Marysvale and 
Sigurd, 1962-1975 
19. Relationship between inflow and diversions -
Marysvale, 1962-1975 
20. Relationship between precipitation of ~~rysvale and 
Sigurd, 1962-1975 
vii 
Page 
3 
7 
12 
12 
13 
13 
14 
14 
15 
15 
16 
16 
17 
17 
18 
18 
30 
31 
32 
32 
LIST OF FIGURES (Continued) 
Figure 
21. Relationship between application efficiency. canal 
conveyance efficiency and canal diversions to water 
outflow for Circleville subbasin . 
22. Salinity concentration response to changes in the 
application efficiency and the canal conveyance 
efficiency - Circleville 
viii 
Page 
38 
39 
LIST OF TABLES 
Table 
1. Subbasin inflow-outflow stations and included SCS 
designated watersheds . 
2. Location of salinity sampling stations and 
salinity data collected by UWRL, mg/1 averaged 
for the month 
3. Calculated and measured monthly outflows from 
five subbasins, in acre-feet 
4. Predicted and measured monthly outflow of water 
(acre-feet) and salt (tons) for 1974-1976 for 
Circleville, Marysvale, Sigurd, and Salina subbasins 
5. Comparison of error between predicted and 
measured monthly outflow . 
6. Comparison of simulated and measured outflow, 
1962-1975, using historical diversions - Circleville 
7. Comparison of simulated and measured outflow, 
1962-1975, using model calculated diversions -
Circleville 
8. Comparison of simulated and measured outflow, 
1962-1975, using historical diversions - Marysvale 
9. Comparison of simulated and measured outflow. 
1962-1975, using model calculated diversions -
Marysvale . 
10. Comparison of simulated and measured outflow, 
1962-1975, using historical diversions - Sigurd 
11. Comparison of simulated and measured outflow, 
1962-1975, using model calculated diversions -
Sigurd . 
12. Comparison of simulated and measured outflow, 
1962-1975, historical diversions - Salina 
13. Comparison of simulated and measured outflow, 
1962-1975, using model calculated diversions -
Salina . 
14. Error for 14 years 
15. Summary of 3-year model runs to indicate system 
response to management alternatives 
. 16. Parameter values and system responses for 
Circleville subbasin 
ix 
Page 
2 
6 
9 
10 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
34 
37 
Hydrosalinity Impacts Of Conservation Measures 
In The Sevier River Basin 
INTRODUCTION 
Rivers in arid areas are intensively 
used to supply water for irrigated agricul-
ture. In the water-short Sevier River Basin, 
the demand for irrigation water is so great 
that flow is diverted from the stream, used 
to water crops or pasture, and returned to 
the stream as many as seven times between its 
mountain headwaters and its ultimate dis-
charge onto the salt flats of Sevier Lake. 
'water conservation is widely advocated 
to make limited irrigation water go further. 
Irrigation is made more efficient by reducing 
nonproductive consumptive use by weeds and 
p hreatophytes, deep perco1at ion, and wastage 
into areas or aquifers where the water 
is no longer available for further use. 
Furthermore, energy is saved as pump ing' is 
reduced. According to the conservation 
ideal, the ultimate conservation would he for 
every farmer to put all the water he diverted 
to product ive use. Every drop would be 
applied to crops to supply the water needed 
for the transpiration that goes with plant 
growth. 
This iaea1 is of course unachievable. 
Some water must be applied to replace water 
that evaporates directly from the soil, and 
additional water is needed to maintain the 
soil salt balance by leaching. Furthermore, 
full conservation is impractical in that many 
efforts just cannot save enough water to 
justify their cost. 
Other conservation efforts are justi-
fied. Canals can be lined, and turnout 
structures can be made water tight. Methods 
for more uniform water application can be 
used to reduce excess percolation at the 
upstream end of a field or furrow while 
getting water to the downstream end. Water 
can be prevented from reaching phreatophyte 
vegetation, and such vegetation can be 
removed. 
The current trend in irrigation pTactice 
in the Sevier River Basin is toward canal 
lining and sprinkler irrigation to conserve 
water. Federal money is available to help 
pay the cost of improved irrigation systems 
through a program justified on the basis of 
downstream salinity control benefits. Most 
1 
far~ers also see in these programs an oppor-
tunIty to expand the acreage they irrigate 
from their fixed water right and are thereby 
further motivated to improve their on-farm 
irrigation efficiency. . 
The farmer who uses the water saved to 
irrigate additional land, however, reduces 
downstream flows. The fact that he returns 
1e~s ~ater to the stream is in fact appro-
prIatIng downstream water rights. State 
water rights administration requires that 
these rights be protected •. In addition 
instream flow uses are deprived; and salinity 
concentrations may be increased by the 
reduced dilution water. 
More detailed examination of the situ-
ation will show that some of the water con-
served takes directly from the supplies of 
downstream users while other water does not 
because it takes from phreatophyte evapo-
transpiration or other true wastage. To 
further complicate the situation, the divi-
sion between the two varies with location in 
the watershed, time of year, and from year to 
year at a given place and date. 
Equitable water rights management 
requires differentiation between water saved 
and water taken from other uses. The farmer 
should be able to benefit from true savings 
but not allowed to take water from or other-
wise harm others. The technical objective 
of this study is to work toward a model that 
can be used for this differentiation. 
Specifically, the objective is to 
predict the response of the Upper Sevier 
River Basin to farmer water conservation 
efforts, botr. their efforts to make more 
efficient use of diverted water and their 
attempts to capitalize on these efforts 
by irrigating additional acreage. River 
responses of interest include both the 
quantity and salinity of the water available 
to downstream users. While this predictive 
capability is important for both evaluating 
alternative conservation measures and 
facilitating water rights administration the 
results will not be interpreted for ~hose 
purposes. Also, this study will not get into 
implementation of techniques for farm water 
conservation and their comparative cost 
effectiveness from the viewpoint of the farm 
operator. 
PROCEDURE 
The method used to sort out the relative 
magnitudes of these iwpacts of farm water 
conservation measures by time and place was 
to construct a water budget model of the 
Upper Sevier River Basin and calibrate it to 
match recorded flows and salt concentrations. 
Specific steps in the procedure were: 
1. To divide the river basin into 
subbasins. 
2. To collect the necessary data. 
3. To make the required data prepara-
tion. 
4. To calibrate the model. 
5. To use the calibrated model to make 
predictions. 
6. To present and summarize the re-
sults. 
7. To draw conclusions. 
SUBBASINS 
The five subbasins used in this study 
are defined by the location of United States 
Geological Survey (USGS) gaging stations and 
are shown in Figure 1. The USGS flow data 
can be used directly and does not need 
adjustment to transfer to a subbasin bound-
ary. The Soil Conservation Service (SCS) 
study (SCS 1974) designated subbasins and 
s ubdi vided these subbasins into watersheds. 
The subbasin boundaries selected for this 
study do not always coincide with the sub-
basin or watershed boundaries of the SCS 
study, and, therefore, the flows are not 
predicted at the same pOint and cannot be 
directly compared. Specifically, subbasins 
1 and 5 are defined by USGS stream gages 
1800 and 2170 respectively and include 
portions of the SCS designated watersheds 
(see Table 1). 
DATA COLLECTION 
The data used in the modeling included 
flow data, precipitation and temperature 
data, diversion data, land use data, ground-
water data, and salinity data. Since ade-
quate salinity data were not available, 
additional salinity data were collected as 
part of this study to supplement existing 
data to be used in the hydrosalini ty model. 
All of the other data were obtained from 
information collected by other agencies. 
Problems encountered in preparing the 
data for use in the model included: 
1. Extrapolating point data to an area 
as in the case of precipitation and tempera-
ture. 
2. Estimating missing data, especially 
canal diversion data. 
3. Estimating subbasin water and 
salinity exports and imports via irrigation 
canals and surface and underground drainage. 
4. Determining accurate land use for 
each irrigated area. 
5. Determining the proper evapo-
transpiration rates with the various land 
uses. This was especially difficult for the 
p hreatop hytes. 
6. Estimating reservoir inflows where 
they were not measured. 
Because of these six problems, consiaer-
able time and effort had to be spent in 
collecting, preparing and rechecking the 
data required for the study. 
Hydrologic data were initially obtained 
for three years, 1962-64. More hydrologic 
and land use data were available for this 
period than for any other because of an 
intense study by the SCS. The SCS report 
also estimated average unmeasured water 
Table 1. Subbasin inflow-outflow stations and included SCS designated watersheds. 
Inflow Outflow 
Subbasin Station, Station, 
Number USGS USGS Name Included SCS Watersheds 
1 10174500 10180000 Circleville F-l*, F-2, F-3, F-4, F-5 
2 10183900 10189000 East Fork E-l, E-2, E-3, E-4 
3 10180000 10194000 Mary,s va Ie F-1*, D-6, D-7, D-8 
10189000 
4 10194000 10205000 Sigurd D-l, D-2, D-3, D-4, D-5 
5 10205000 10217000 Salina C-1*, C-2*, C-3, C-4, C-5, C-6 
*On1y portions of these SCS watersheds were included in the subbasin. 
2 
Figure 1. Sevier River subbasins and data stations. 
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movements during this period, and this, 
too, was of great assistance in estimating 
unmeasured data. The SCS study also helped 
in determining some of the parameter values 
during model calibration. 
Later in the study, hydrologic data were 
assembled for 11 years, 1965-75. It was 
found that the data did not always keep the 
same relationship over the 14-year period 
(1962-1975). For example, the relationship 
between total diversions in subbasin 3 and 
total diversions in subbasin 4- varied con-
siderably. This problem will be discussed 
futher in the section On model calibration 
and verification. 
Flow Data 
Surface flow data, for the five sub-
basins shown in Table 1, were taken from the 
USGS Surface Waters of Utah publications 
(USDA, U.S. Geological Survey 1962 to 1975). 
The data collection points are shown in 
Figure 1 where the downstream boundary of 
each subbasin intersects the Sevier River. 
The surface flow records at these stations 
were used in the model without alteration. 
Unmeasured tributary inflows were estimated 
during the calibration using gaged stream, 
precipitation, and snowmelt. 
Precipitation and Temperature Data 
Precipitation and temperature data were 
taken from measurements reported in the Utah 
Climatological Records (USDC 1962-1975) at 
locat ions shown in Figure 1. The point 
measurements were averaged over subbasin 
areas and multiplied by a coefficient to 
provide a weighted average for the whole 
subbasin. Subbasins 1 and 3 required esti-
mation of missing data for a few months, 
while subbasin 3 required several years of 
data correlation. 
Diversion Data 
All the diversions were identified and 
data on measured diversions were taken from 
published Commissioners' reports (W. R. 
Walker et a1. 1962-1975) available at the 
State Engineer's Office. The measured 
diversions did not include all of the diver-
sions in the subbasin. The selected recorded 
diversions were adjusted to estimate the 
total diversions. 
Groundwater Data 
The use of groundwater is very small 
compared to the use of surface water in the 
basin (U.S. Department of Agriculture, Soil 
Conservation Service 1969). Subbasins 1 and 
3 use about 500 acre-feet per year, subbasin 
4 uses about 2200 acre-feet per year, and 
groundwater use in subbasin 5 is insignifi-
cant and was set at zero. Groundwater use in 
these subbasins was assumed to be constant 
from year to year. 
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Land Use Data 
The land use data were taken from the 
SCS report (USDA, SCS 1969) and were assumed 
to remain constant through the simulation 
period. The SCS land use classifications 
were irrigated cropland - rotated and non-
rotated; nonirrigated lands - wet meadows, 
dryland, and phreatophytes; and miscellaneous 
areas - bare ground, water surface, and main 
reservoirs. 
The most difficult part of the land use 
analysis was to place the phreatophyte groups 
in the proper use category. The categories 
were defined with respect to the distance of 
the water table from the surface. Each 
category required different evapotranspira-
tion coefficients. These categories were: 
1) water within 1 foot of the surface, 2) 
water from 1 foot to 3 feet from the land 
surface, and 3) water greater than 3 feet 
from the surface. 
Irrigation diversions have the same 
problem in that all diversions are not 
measured, and all of the measurements may not 
be published. Tributary diversions are least 
likely to be measured. Irrigation diversions 
cannot be correlated to natural flows since 
the needs for irrigation water also vary 
seasonally. It was assumed that the reported 
irrigation diversions represented the pattern 
of total diversions for the subbasin of 
interest. The sum of these diversions, 0, 
was then multiplied by a coefficient, k, to 
represent the total diversions, T. The 
correlation equation would be T = kD. The 
value of the coefficient was initially 
estimated from data in the SCS report and 
slightly adjusted during calibration process 
to improve model results. 
Precipitation and temperature data are 
measured at one or two pOints in each sub-
basin. The procedure for extending these 
measurements to the total valley floor 
subbasin was to average the total number of 
measuring stations and assume that the result 
represented the subbasin. The average values 
could be adjusted, and sometimes were, by a 
multiplying coefficient established during 
the calibration. During the 14-year period 
of record, some station measurements were not 
made and so had to be correlated to those of 
record. 
Groundwater data were taken from the SCS 
report and were assumed to remain constant 
for the period of interest. The pumped 
water was usually inSignificant when compared 
to the total water inflow to a subbas in. 
The land use data were straightforward 
except for the phreatophytes and the non-
rotated pasture. Considerable effort was 
spent in trying to separate the phreatophyte 
areas according to the depth to the water 
table. The nonrotated pasture was reported 
by the SCS to get substantial portions of 
evapotranspiration water from the groundwater 
system. The portions of these nonrotated 
pasture areas that received groundwater were 
included in the phreatophyte area since the 
phreatophytes also use groundwater, and there 
is no provision for crops to do so. 
Salinity Data 
Salinity data were collected at the USGS 
stations and at some diversions in the Sevier 
River Basin to be used in this modeling 
project from August of 1975 thtough June of 
1976. Additional data were assembled from 
USGS records. The Utah Water Research 
Laboratory (UWRL) data were collected twice 
monthly for many of the collection stations 
while the USGS data were collected from four 
to eight times per year. The UWRL and USGS 
concentration data points were plotted 
against the date and joined by a curve to 
estimate average monthly salinity levels. 
These monthly averages were then used in 
model calibration. 
The salinity data for this study were 
collected by the river commissioners in the 
Upper Sevier River Basin. Samples were taken 
at points along the main stem of the river, 
as well as or. tributaries and at points of 
interest along var ious canals, and analyzed 
for total dissolved solids at the UWRL. The 
water was not always flowing in the canals or 
at specific points in the river so samples 
were not available from every point for every 
sampling run. Collection was made twice each 
month, once near the beginning and once near 
the middle of each month. Table 2 lists the 
data collected and the location of the data 
stations. 
DATA PREPARATION 
Unmeasured flows caused a major modeling 
problem. Partial data required expansion of 
the measured amounts to estimate total water 
movement. For example, only the major 
surface inflows to a given subbasin are 
measured. The remaining surface inflows had 
to be estimated by some technique. 
One of the most common procedures is 
to correlate the ungaged flows to some 
measured surface flow. Since the quantity of 
the unmeasured flows is unknown, it is not 
possible to get a direct correlation. This 
deficiency is overcome during model calibra-
tion by adjusting the parameter that multi-
p lies the measured streamflow to the value 
that causes the best correlation between 
measured and predjcted outflow values. This 
correlation is linear and forced through the 
origin so that the intercept, b, goes to zero 
while the value of the slope, m, is inferred 
through the match of the outflows. The 
correlation with precipitation is similar 
except that a threshold value is established 
such that monthly precipitation or snowmelt 
below the chosen levels will not produce any 
ungaged inflow. Mathematically the correla-
tion with precipitation or snowmelt becomes: 
Y=b+mx where x is equal to or greater than 
the threshhold value, t, and b equals zero. 
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The threshhold concept is a quick approxi-
mation of infiltration, and depression and 
interception storage on a monthly basis. 
Because the salinity data were lacking, 
it was sometimes necessary to extend four to 
eight point measurements to the entire year. 
This was accomplished by plotting the salin-
ity value against time and drawing a smooth 
curve connect ing all points and then deter-
mining the average monthly salinity values 
from the plots. 
The evapotranspiration coefficients were 
determined from the published data (USDA, SCS 
1968, 1969, USDA 1973) and some were modified 
to reflect the availability of the water to 
the plants. For example, grass might be 
classified into three areas depending on 
the distance of the water table from the 
surface. The area of grass that was 36 
inches or greater from the water table would 
have a reduced evapotranspiration coeffi-
cient. This was done for all phreatophytes 
where the required information was reported. 
The data used in the model are listed in 
Appendix B. 
SIMULATION MODELING 
The simulation approach to hydrologic 
modeling represents water movement through 
the basin with a series of equations. The 
parameters in the equations are evaluated 
through a model calibration process that sets 
values which best match simulated to recorded 
flows. The more completely the recorded data 
describe the system, the better is the model 
one can build and the more precisely it can 
be calibrated. Once an acceptable model is 
calibrated, the equations or parameter values 
can be modified to represent alternative farm 
water management practices. Changes in 
simulated flows estimate the consequences of 
the change in practices. The goal in simula-
tion modeling is to construct the most 
accurate representation possible of the 
prototype system consistent with the avail-
able data. 
THE MODEL AND CALIBRATION 
Model 
The model used for this study is the 
Basin Simulation Assessment Model with Salt 
(BSAMS) developed at the Utah Water Research 
Laboratory. The hydrology portion of the 
model is published in a users manual (Huber 
et al. 1976), and an updated version of the 
hydrosalinity model was published in a thesis 
at Utah State University (Sepehr 1980). 
The hydrologic model is a descendent or 
an expanded version of the model described by 
Riley, Chadwick, and Bagley (1966). The 
model was subsequently modified by Hyatt 
(1970), Thomas (1971), Hi 11 (1973), and 
Huber (1976). Additional adjustments were 
made during the course of this study. The 
model is based on the continuity of mass 
principle and includes a mathematical des-
I , 
II 
J 
Table 2. Location of salinity sampling stations and salinity data collected by UWRL,mg/l averaged for the month. 
AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN 
1 Sevier River near Circleville 264 312 296 259 275 266 216 224 262 195 
2 Sevier River below Piute Reservoir 2l f8 314 298 278 299 317 238 249 260 354 
3 Antimony Creek near Antimony 96 127 134 112 118 143 110 115 124 32 
4 East Fork near Antimony 200 235 240 232 253 252 220 219 218 158 
5 Otter Creek below Koosharem Reservoir 130 189 192 241 256 264 246 208 198 180 
6 Otter Creek Reservoir outlet 232 230 220 224 291 246 247 264 233 
7 East Fork at Kingston 244 268 292 324 346 249 308 282 266 273 
8 Clear Creek above Diversions 138 189 204 l38 149 168 124 124 152 96 
9 Sevier River above Clear Creek 248 288 284 283 297 311 288 262 262 235 
10 Sevier Valley Canal west of Rocky Fork 
Reservoir 294 294 292 234 
11 Sevier River below Rocky Fork Reservoir 688 816 798 681 618 496 764 704 682 830 
12 Vermillion Canal west of Rocky Fork 
Reservoir 368 590 870 810 866 1,040 1.316 1,~01 583 482 
l3 Vermillion Canal Dump into Sevier River 802 912 
14 Rocky Fork Canal Dump into Sevier River 1,038 876 600 492 768 741 702 
15 Lost Creek above Diversions 166 193 284 1,931 3,362 2,318 2,174 1,998 2,526 176 
16 Salina Creek near Salina 286 386 427 392 736 512 700 468 493 160 
17 Willow Creek above Diversions 284 441 567 462 760 696 656 703 286 
18 San Pitch River near Gunnison 1,694 1,636 1,130 1,036 1,029 1,214 
19 Sevier River near Gunnison 1,800 1,742 1,511 1,216 1,210 984 1,102 1,092 1,414 902 
20 Fayette Canal Dump into Sevier Bridge 
0-. Reservoir 1,382 21 Sevier Valley Canal Dump into Sevier 
Bridge Reservoir 
22 Dover Canal Dump into Sevier Bridge 
Reservoir 
23 West View Canal Dump into Sevier Bridge 
Reservoir 1,365 1,622 
24 Sevier River below Sevier Bridge Reservoir 1,132 1,228 1,236 
25 12 Mile Creek above Diversions 172 193 250 264 233 256 228 256 
26 Outflow of 9 Mile Reservoir 684 748 
27 Outflow of Gunnison Reservoir 1,048 1, l31 1,158 
28 San Pitch River near Manti 822 874 947 950 1,001 850 1,058 1,134 1,422 2,732 
29 Six Mile Creek above Diversions 172 214 221 250 242 256 196 212 140 248 
30 Manti Creek above Diversions 254 283 313 350 340 386 342 358 278 314 
31 San Pitch River near Ephriam 180 237 269 870 850 644 1,008 978 1,378 2,806 
32 San Pitch River at John E. Olsen Diversion 2,946 3,055 894 634 544 634 3,120 
33 Cedar Creek above Diversions 204 190 272 
34 San Pitch River at the Wales/Chester Road 
35 Outflow of Wales Reservoir 536 702 795 
36 Pleasant Creek and Twin Creeks 222 235 191 199 
37 San Pitch River near Fairview 297 
38 Cottonwood Creek above Diversions 
Piute Canal 358 298 
San Pitch above Mower Ditch 398 373 337 
Ephraim 1,942 765 290 282 310 240 276 292 286 
cription of flow processes and storage 
functions that are considered important to 
the hydrologic system. 
The salinity model too has evolved from 
a series of previous studies. Hyatt (1970) 
applied the salinity model to the Upper 
Colorado River Basin. Thomas (1971) modified 
the model to fit the special case of flow 
in the soil profile. Hill (1973) expanded on 
the Hyatt version of the model and applied it 
to the Bear River Basin. Others have applied 
the model to other watersheds with success. 
This hydrosalinity model assumes that 
all hydrologic flow processes have an associ-
ated salt flow except for precipitation and 
evapotranspiration. These two processes have 
an impact on the salt flow but are assumed to 
not contribute new salt or remove salt from 
the system. A schematic diagram of the 
modeled flow system is shown in Figure 2. 
Processes that are deemed insignificant are 
set to zero so as not to influence the 
computed outflows. 
Calibration is based on matching pre-
dicted to recorded hydrologic and salinity 
flow and storage amounts. The calibration 
can be accomplished either by the operator or 
by the computer, based on instructions given 
by the operator. The data can be output 
either in digital or graph form, depending on 
the hardware available. 
BSAMS allows the operator to select from 
two representations for predicting prototype 
system responses ·.to the imposed system 
changes. The model can be operated in either 
a calibrate or a management mode. The 
calibrate mode uses historical diversions 
and/or limits diversions to the calculated 
water available. The management mode calcu-
lates the irrigation diversions required 
to meet specified soil moisture and crop 
requirements. If diversions are limited to 
the available water and the calculated 
diversions exceed the calculated available 
water, the diversions are limited to the 
water available and soil moisture storage 
decreases below the target level. 
Figure 2~ Schematic diagram of hydrosalinity model. 
7 
The runs for this study were mostly made 
in the calibrate mode with diversions limited 
to the calculated water available. This was 
considered necessary to reflect the operation 
of the water rights in each subbasin. If 
runs were made in the management mode, the 
water diverted would reflect the needs of the 
crops and not the operation of the system 
according to the historical water rights. 
It must be understood that the predicted 
values will not be the same as the measured 
values because the definition and operation 
of the system in the model differs from the 
real system. Actual operation of the system 
reflects the interjection of the legal water 
rights or a modification of those rights. 
The water rights of the modeled system are 
reflected by the diversions during the 
calibration period and as such do have some 
impact on the parameter values that are 
selected during the calibration of the 
model. Dur ing the management phase, water 
rights are only reflected to the same degree 
as the diversions reflected water rights 
during the calibration of the model. This 
reflection is incorporated in the established 
values of the model parameters. It also 
implies that the reported measured diversions 
reflect actual diversions and not simply a 
repeat of water right amounts. The model, 
using these diversions, will be as accurate 
as are the recorded diversions. 
:" Calibration 
The process of adjusting the model 
parameters until a measured input generates 
an output that is within a selected limit of 
being equal to the corresponding measured 
ou tput is termed model calibration. Model 
calibration is an art requiring the judgment 
of the operator to insure that the selected 
values of the parameters are within reason. 
Sometimes the data base is not sufficiently 
representative of the prototype, and the 
model parameters must be altered to reflect 
the operation of the real system. In some 
basins a particular parameter vector will 
generate negative flows. This situation, of 
course, does not occur in the real world, but 
represents a deviation of the prototype 
description from the real prototype situ-
ation. 
The calibration oal was to match 
measured values within 0 percent in each 
month and within 10 percent for the year. 
These criteria are consistent with the 
reported accuracy of the field data. When 
using or calibrating a simulation model, it 
must be kept in mind that many combinations 
of model parameter values can be used to 
predict system responses. The process of 
calibration is to find the parameter set that 
is most realistic according to the modelers 
qualitative understanding of. how the flows 
pass through the basin, and gives the system 
responses most nearly equal to those measured 
for the real system. The selected parameter 
set may not provide the best fit and may not 
be the most realistic but, hopefully, will be 
the best compromise between the two criteria. 
8 
The model was calibrated for the five 
subbasins for water years 1962, 1963, and 
1964. The agreement between the calculated 
and measured outflows can be seen in Table 3. 
Four of the five subbasins were later cali-
brated for the 1974-1976 time period. This 
was done so that the salinity calibration 
(covering the period for which salinity data 
were collected and available) and the water 
calibration would be for the same period, and 
the input data relationships would most 
likely remain constant. The calibration 
agreement for the 1974-1976 period is shown 
in~able 4-and Figures 3 to 16. 
Table.5gives a comparison of the 
difference between predicted and measured 
values for the two calibrations. Based only 
on the error term magn i tude, the 1962-64 
calibration appears best. 
OUTPUT DISPARITY 
The first test predictions to be made 
after the 1962-1964 calibration were for the 
14 year period 1962-1975. The predictions 
and the recorded flow values can be seen in 
Tables 6 to 13. The model was operated using 
historical irrigation diversions and in the 
management mode in which diversions are 
calculated by the model. Subbasins 1, 4, and 
5 showed better agreement when the model 
calculated diversions than when the histori-
cal diversion records were used. Though the 
individual months and years showed some 
variation, the total period agreement was 
very close for subbasins 1 and 4. Subbasin 3 
showed better agreement with the historical 
diversion data than with the calculated 
diversion data. Subbasins 3 and 5 did not 
have adequate agreement for the total period. 
Subbasin 4 showed some problem with pre-
dicting negative flows, however, the overall 
agreement for the 14 years was very good. 
Table 14 shows the difference between pre-
dieted and measured outflows for the 14 
years. 
MODEL PREDICTIONS 
The simulation model is not a direct 
replication of the real system but uses 
aggregate data to represent how the real 
system reacts to hydrologic simulation. The 
input data similarly only represent the 
simulation. Since all of the data in the 
early 1960s did not have the same relation-
ship to the system as did data in the 1970s, 
the final model calibration was made for the 
period of the salinity data, 1974-1976 
except in subbasin 2, East Fork. 
After the model is calibrated, the 
impacts of various conservation measures and 
patterns of their use among the var ious 
subbasins can be predicted by adjusting 
irrigation efficiencies and phreatophyte 
and crop acreages in the model to reflect 
reasonable management choices and using the 
model to predict the resulting changes in 
flow and salinity. 
J 
Table 3. Calculated and measu!ed monthly outflows from the five subbasins, in acre-feet. 
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL 
Subbasin #1 Circleville 
Calculated 1962 2,537 3,649 5,500 5,025 10,245 10,474 18,978 18,647 7,987 4,505 4,128 4,449 96,123 
Measured 1962 2,920 4,520 5,680 5,060 8,690 11,030 18,370 18,290 7,270 3,230 2,640 3,780 91,480 
Calculated 1963 4,075 4,700 6,317 6,362 7,090 4,830 2,620 4,388 3,451 2,365 4,166 2,956 53,319 
Measured 1963 5,270 6,330 6,210 4,650 7,100 6,120 3,580 5,350 1,820 1,600 2,710 3,780 54,520 
Calculated 1964 2,715 3,048 5,307 5,049 4,431 5,343 5,168 8,955 4,343 2,911 3,039 2,770 53,079 
Measured 1964 2,650 4,430 6,210 4,990 4,940 5,180 6,630 9,630 4,730 1,910 2,880 2,100 56,280 
Subbasin #2 East Fork 
Calculated 1969 3,765 2,505 1,080 
° 
526 1,683 11,524 12,550 4,413 5,147 6,538 2,327 52,058 
Measured 1969 2,600 1,120 924 956 968 4,960 10,780 13,120 3,450 3,640 7,410 5,050 54,978 
Calculated 1970 1,860 1,518 1,536 284 3,727 3,386 2,553 10,225 5,070 6,850 9,140 7,460 53,609 
Measured 1970 2,290 1,020 1,090 1,130 4,200 4,070 2,770 8,040 3,400 9,810 10,360 5,130 53,310 
Calculated 1971 2,964 4,122 2,478 280 
° 
1,485 3,035 6,208 8,931 12,523 12,176 2,780 56,980 
Measured 1971 1,770 1,130 1,110 744 845 1,280 2,320 5,360 10,950 12,720 12,350 4,130 54,709 
Subbasin #3 Marysvale 
Calculated 1962 11,320 4,554 2,315 1,376· 3,070 1,715 9,009 21,031. 20,706 31,243 23,204 15,328 144,870 
\D Measured 1962 10,520 4,750 1,500 lr560 1,700 1,630 5,580 21,130 22,230 29,570 24,250 14,770 139,190 
Calculated 1963 5,673 4,030 1,961 1,004 5,170 10,711 7,381 17,885 7,013 13,962 7,280 4,381 86,450 
Measured 1963 5,440 5,570 2,650 615 5,020 12,930 8,180 18,750 7,120 15,310 8,900 3,610 94,095 
Calculated 1964 3,870 3,998 1,866 1,056 2,448 5,669 8,634 14,824 8,727 20,204 14,634 4,892 90,823 
Measured 1964 5,250 4,050 1,290 952 1,940 5,040 9,100 15,450 8,840 20,590 15,430 5,420 93,352 
Subbasin #4 Sigurd 
Calculated 1962 2,102 3,472 3,693 3,628 6,970 2,890 2,378 2,965 4,272 4,227 4,524 5,539 46,660 
Measured 1962 1,750 3,190 3,150 3,780 5,630 4,220 1,070 2,390 5,270 3,070 3,190 5,980 42,690 
Calculated 1963 1,978 3,727 3,384 3,649 7,884 12,507 4,962 587 -54 -844 718 -121 38,376 
Measured 1963 2,860 3,5203,3303,150 7,460 10,740 5,520 1,120 564 269 65 54 38,652 
Calculated 1964 185 2,201 1,302 1,394 2,223 5,454 6,825 4,958 1,983 696 1,117 163 28,501 
Measured 1964 1,440 2,4602,4102,790 4,390 5,250 7,120 5,030 729 286 82 123 32,110 
Subbasin #5 Salina 
Calculated 1962 5,037 8,191 5,872 7,917 19,321 13,963 9,070 13,291 12,581 5,226 4,797 9,923 115,188 
Measured 1962 4,310 6,6407,390 7,550 18,070 14,690 11,440 11,300 11,170 5,020 6,000 9,120 112,700 
Calculated 1963 6,061 7,947 9,855 7,744 15,292 12,997 7,665 4,724 4,097 2,701 2,552 3,112 84,745 
Measured 1963 6,520 6,570 9,210 9,270 13,340 13,140 8,840 4,050 3,620 1,880 2,330 3,550 82,320 
Calculated 1964 2,180 4,413 4,868 4,873 7,099 10,946 13,048 10,226 4,798 2,678 2,873 2,776 70,778 
Measured 1964 3,350 5,120 6,950 7,210 8,710 9,600 9,700 11,400 4,780 1,690 2,350 2,410 73,270 
I-' 
o 
II ,. 
Table 4. Predicted and measured nronthly outflow of water (acre-feet) and salt (tons) for 1974-1976 for Circleville, 
Marysvale, Sigurd, and Salina subbasins. 
Circleville 
Water 
Calculated 1974 
Measured 1974 
Calculated 1975 
Measured 1975 
Calculated 1976 
Measured 1976 
Salt 
Calculated 1974 
Measured 1974 
Calculated 1975 
Measured 1975 
Calculated 1976 
Measured 1976 
Marysvale 
Water 
Calculated 1974 
Measured 1974 
Calculated 1975 
Measured 1975 
Calculated 1976 
Measured 1976 
Salt 
OCT 
6,068 
9,350 
3,140 
4,330 
4,547 
6,060 
3,330 
3,571 
1,429 
1,665 
2,059 
2,281 
7,604 
9,010 
3,898 
5,660 
5,476 
4,580 
Calculated 1974 1,837 
Measured 1974 2,792 
Calculated 1975 1,896 
Measured 1975 2,131 
Calculated 1976 2,357 
Measured 1976 1,842 
NOV DEC 
8,490 7,920. 
9,010 10,160 
2,888 3,896 
6,180 6,340 
8,617 8,717 
7,080 7,120 
3,533 
3,257 
1,702 
2,343 
3,339 
2,483 
5,512 
5,060 
3,331 
4,880 
6,953 
6,050 
1,320 
1,864 
1,612 
1,970 
2,970 
2,343 
2,451 
3,300 
2,186 
2,180 
3,226 
2,516 
3,773 
2,070 
3,231 
1,940 
4,597 
1,720 
872 
855 
1,435 
707 
2,234 
692 
Calculated 1974 
Measured 1974 
5,742 8,795 6,772 
7,960 8,040 6,610 
Calculated 1975 
Measured 1975 
Calculated 1976 
Measured 1976 
3,625 6,201 4,647 
4,690 4,520 5,570 
2,301 5,629 5,034 
3,120 4,650 5,270 
JAN 
7,593 
8,730 
5,344 
5,900 
7,292 
6,540 
2,330 
2,848 
2,376 
1,828 
2,763 
2,329 
5,896 
3,010 
2,712 
722 
3,887 
906 
1,772 
1,137 
1,125 
254 
1,898 
362 
FEB 
8,655 
7,080 
5,954 
5,680 
9,389 
6,480 
2,314 
2,406 
2,165 
1,613 
2,459 
2,034 
16,715 
15,020 
3,560 
887 
2,935 
1,330 
5,517 
5,226 
1,183 
356 
1,462 
526 
MAR 
11,261 
9,780 
6,936 
7,160 
7,100 
6,910 
3,254 
3,403 
2,441 
2,160 
2,204 
2,254 
8,713 
6,720 
2,130 
1,420 
3,444 
1,440 
2,813 
2,429 
831 
560 
1,582 
556 
APR 
4,634 
6,740 
4,092 
4,440 
4,549 
5,560 
1,638 
2,272 
1,658 
1,551 
1,596 
2,002 
MAY 
3,531 
4,050 
9,360 
7,180 
8,346 
9,370 
1,389 
1,349 
2,817 
2,293 
2,340 
3,120 
JUN 
3,362 
2,160 
16,631 
13,250 
4,916 
3,950 
1,305· 
934 
4,121 
4,106 
1,584 
1,224 
JUL 
3,517 
2,970 
6,646 
5,450 
4,377 
3,900 
1,327 
1,223 
2,059 
2,007 
1,482 
1,569 
AUG 
2,844 
2,650 
5,041 
4,160 
3,115 
2,540 
1,149 
1,109 
1,687 
1,645 
1,152 
1,205 
SEP 
2,583 
2,860 
3,781 
3,960 
2,725 
2,780 
1,100 
1,248 
1,471 
1,593 
1,123 
1,345 
TOTAL 
70,458 
75,540 
73,709 
74,030 
73,691 
68,290 
25,120 
26,918 
26,112 
24,986 
25,327 
24,362 
7,807 26,358 21,488 22,645 21,800 
2,220 29,970 27,630 26,490 26,060 
5,184 153,555 
8,420 161,680 
8,585 23,969 16,596 29,977 24,457 
3,770 23,160 14,690 29,460 25,250 
10,717 133,222 
11,500 123,339 
7,326 26,617 17,732 17,890 15,390 
9,500 28,210 23,390 21,000 17,320 
6,042 118,290 
4,450 119,896 
2,218 8,603 7,761 8,491 
848 11,486 10,777 10,908 
2,662 7,238 5,388 9,479 
1,624 9,159 5,051 10,050 
2,786 9,238 6,681 7,823 
3,421 9,316 7,566 7,363 
9,028 2,276 52,507 
9,669 2,632 60,624 
8,507 4,095 45,451 
9,128 4,314 45,303 
7,380 3,030 49,442 
5,979 1,451 41,419 
9,577 19.346 16,580 1,697 1,755 634 140 1,221 2,565 74,823 
7,250 17,460 15,330 6,090 2,020 947 1,590 998 2,760 77,055 
5,452 4,011 3,653 -1,076 5,814 7,362 6,001 4,244 3,215 53,148 
5,450 5,820 4,350 2,020 3,970 3,460 1,250 1,660 4,410 47,170 
8,653 7,858 5,634 -498 602 292 -727 -401 -64 34,313 
5,840 6,530 5,320 l,79q _____ ~03 1,720 369 1,050 1,680 38,142 
II 
.j 
Table 4. Continued. 
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL 
Sigurd (continued) 
Salt 
Calculated 1974 6,420 6,597 4,591 5,204 8,227 5,559 2,334 -4 114 195 869 1,912 42,016 
Measured 1974 ·5,734 6,501 5,884 5,912 12,221 10,105 4,842 1,743 829 1,405 854 2,337 58,366 
Calculated 1975 2,094 3,947 4,138 8,438 8,222 5,811 578 5,030 3,673 2,454 2,028 3,026 49,440 
Measured 1975 3,742 3,944 5,057 4,852 5,102 4,434 2,128 3,534 2,469 1,021 1,354 4,279 41,914 
Calculated 1976 2,749 5,952 5,355 7,766 7,196 5,867 1,414 1,262 1,382 1,723 846 1,204 42,714 
Measured 1976 3,193 4,127 4,405 4,619 5,919 4,324 1,593 823 1,587 248 1,067 1,982 33,888 
Calculated 1974 15,653 16,797 18,480 18,967 29,392 45,142 18,701 24,314 9,221 6,156 5,710 5,546 214,078 
Measured 1974 16,620 17,450 17,640 18,850 29,470 46,190 19,320 26,790 7,370 4,780 5,090 6,460 216,030 
Calculated 1975 9,637 14,594 15,945 14,529 16,749 16,588 8,307 20,118 26,921 9,431 4.624 8,034 165,478 
Measured 1975 10,090 11,740 13 ,290 12,910 13,340 15,210 8,850 16,650 32,520 8,410 5,350 8,370 156,730 
Calculated 1976 8,434 10,731 13,108 13,995 19,539 14,924 9,230 10,098 9,296 5,352 4,456 5,408 124,571 
Measured 1976 10,520 13,720 15,000 15,310 21,710 21,280 7,200 7,700 5,890 3,470 4,220 5,340 131,360 
I-' 
I-' 
Calculated 1974 25,724 28,498 28,966 26,568 32,205 51,509 25,488 31,013 15,334 9,851 11,176 12,465 298,797 
Measured 1974 26,540 29,763 29,608 25,106 31,240 55,870 24,419 32,950 13,522 12,863 10,930 11,282 304,093 
Calculated 1975 17,630 25,151 26,983 25,719 26,490 26,560 17,199 27,977 37,147 17,218 9,497 16,241 273,810 
Measured 1975 17,470 22,338 27,545 26,669 22,300 26,108 15,155 21,610 48,174 20,093 12,957 19,168 279,587 
Calculated 1976 18,274 22,167' 24,383 27,138 33,304 29,639 18,942 18,070 17,094 10,485 10,128 12,227 241,853 
Measured 1976 23,205 24,203 24,545 23,013 31,807 34,300 14,825 11,815 10,246 8,159 10,639 14,261 231,016 
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Figure 6. Agreement between measured and simulated surface outflow - Sigurd. 
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Figure 15. Agreement between measured and simulated surface outflow - Salina. 
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Figure 16. Agreement between measured and simulated salt outflow - Salina. 
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Table 5. Comparison of error between predicted and measured outflow. 
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL 
Circleville 
1962 -383 -871 180 -35 1,555 -556 608 357 717 1,275 1,488 669 4,643 
1974 -3,282 -520 -2,240 -1,137 1,575 1,481 -2,106 -519 1,202 547 194 -277 -5,082 
1963 -1,195 -1,630 107 1,712 -10 -1,290 -960 -962 1,631 765 1,456 -824 -1,201 
1975 -1,190 -3,292 -2,444 -556 274 -224 -348 2,180 3,381 1,196 881 -179 -321 
1964 65 -1,382 -903 59 -509 163 -1,462 -675 -387 1,001 -841 670 -3,201 
1976 -1,513 1,537 1,597 752 2,909 190 -1,011 -1,024 966 477 575 -55 5,401 
Marysvale 
1962 800 -196 815 -184 1,370 85 3,429 -99 -1,524 1,673 -'1,046 558 5,680 
1974 -1,406 452 1,703 2,886 1,695 2,053 5,587 -3,612 -6,147 -3,845 -4,260 -3,236 -8,125 
1963 233 -1,540 -689 389 150 -2,219 -799 -865 -107 -1,348 -1,620 771 -7,645 
1975 -1,762 -1,549 1,291 2,050 2,673 710 4,815 809 1,906 517 -793 -783 9,883 
1964 -1,380 -52 576 104 508 629 -466 -626 -113 -386 -796 528 -2,529 
1976 896 903 2,877 2,981 1,605 2,004 -2,174 -1,593 -5,658 -3,110 -1,930 1,592 -1,606 
Sigurd 
I-' 1962 352 282 543 -152 1,340 -1,330 1,308 575 -998 1,157 1,334 -441 3,970 '-'l 
1974 -2,218 755 162 2,327 1,886 1,250 -4,393 -265 -313 -1,450 233 -195 -2,232 
1963 -882 207 54 499 424 1,767 -558 -533 -618 -1,113 653 -175 -276 
1975 -1,065 1,681 -923 2 -1,809 -697 -3,096 1,844 3,902 4,751 2,584 -1,195 5,978 
1964 -1,255 -259 1,108 -1,396 -2,167 204 -295 -72 1,254 410 1,035 40 -3,609 
1976 -819 979 -236 2 .. 813 1,328 314 -2,288 -201 -1,428 -1,096 -1,451 -1,744 -3,829 
Salina 
1962 727 1,551 -1,518 367 1,251 -727 -2,370 1,99l 1,411 206 1,203 803 2,488 
1974 -967 -653 840 117 -78 -1,048 -619 476 1,851 1,376 620 -914 -1,952 
1963 -459 1,477 645 -1,526 1,952 -143 -1,175 674 477 821 222 -438 2,425 
1975 -453 2,854 2,655 1,619 3,409 1,378 -543 3,468 -5,599 1,021 -726 -336 8,748 
1964 -1,170 -707 -2,082 -2,337 -1,611 1,346 3,348 -1,174 18 988 523 366 -2,492 
1976 -2,086 -2,989 -1,892 -1,315 -2,171 -4,661 2,030 2,398 3,406 1,882 236 68 -6,789 
J 
.iI 
Table 6. Comparison of simulated and measured outflow, 1962-1975, using historical diversions - Circleville. 
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL 
Calculated 1962 2,537 3,649 5,500 5,025 10,245 10,474 18.978 18,647 7.987 4,505 4,128 4,449 96,123 
Recorded 1962 2,920 4,520 5,680 5,060 8,690 11,030 18,370 18,290 7,270 3,230 2,640 3,780 91,480 
Calculated 1963 4,075 4,700 6,317 6,362 7,090 4,830 2,620 4,388 3,451 2,365 4,166 2,956 53,319 
Recorded 1963 5,270 6,330 6,210 4,650 7,100 6,120 3,580 5,350 1,820 1,600 2,710 3,780 54,520 
Calculated 1964 2,715 3,048 5,307 5,049 4,431 5,343 5,168 ·8,955 4,343 2,911 3,039 2,770 53,079 
Recorded 1964 2,650 4,430 6,210 4,990 4,940 5,180 6,630 9,630 4,730 1,910 2,880 2,100 56,280 
Calculated 1965 2,430 3,256 5,711 5,127 4,827 5,896 3,386 12,438 23,745 6,296 4,994 5,261 83,367 
Recorded 1965 3,030 4,360 6,420 5,530 5,630 5,720 5,240 11,930 19,900 7,940 3,970 5,240 84,910 
Calculated 1966 4,405 9,026 9,757 7,758 6,719 9,797 11,400 14,707 5,611 3,827 4,107 3,813 90,928 
Recorded 1966 5,190 7,660 7,900 6,480 5,770 12,240 9,850 13,670 3,860 2,910 3,240 3,690 82,460 
Calculated 1967 4,972 6,785 8,918 7,045 6,044 7,382 3,502 14,291 22,401 9,575 6,232 11,920 110,006 
Recorded 1967 6,520 7,050 8,540 6,970 6,800 7,850 4,520 11,220 19,480 8,370 '5,070 11,220 103,610 
Calculated 1968 6,986 7,462 7,173 6,861 8,944 7,649 9,567 19,148 14,140 5,967 6,201 5,521 105,619 
Recorded 1968 8,800 6,380 6,350 5,260 5,120 5,000 9,130 17,910 15,750 7,290 8,300 5,150 100,440 
Calculated 1969 5,166 7,110 8,942 8,521 7,176 3,965 17,790 52,461 29,850 11,499 9,687 9.378 171,547 
Recorded 1969 7,080 7,910 6,980 7,120 6,780 7,340 13,680 41,940 26,810 10,790 9,860 8,870 155,160 
Calculated 1970 6,786 6,871 10,808 11,028 9,786 8,918 3,798 5,592 6,128 5,333 5,135 5,883 86,066 
N Recorded 1970 8, 780 10,300 9,620 8,840 7,850 7,670 5,120 4,450 4,050 3,580 4,180 4,290 78,730 
0 Calculated 1971 5,952 9,152 6,548 5,928 5,469 5,945 2,468 4,115 6,033 3,646 4,783 3,390 63,428 
Recorded 1971 5,170 7,350 7,090 6,820 5,120 6,770 3,710 4,490 5,820 2,640 6,070 4,550 65,600 
Calculated 1972 4,422 6,720 9,765 7,201 6,459 5,853 2,459 4,085 4,846 3,327 3,768 3,525 62,432 
Recorded 1972 5,080 7,630 12,110 6,820 6,770 6,390 3,400 5,410 3,990 2,400 2,830 4,010 66,840 
Calculated 1973 7,160 7,771 6,155 5,021 5,992 6,623 11,704 48,643 34,932 9,650 7,635 7,578 158,863 
Recorded 1973 7,350 7,820 6,150 6,940 7,040 8,820 12,730 38,890 31,440 9,600 8,130 7,220 152,130 
Calculated 1974 6,016 7,717 8,917 7,057 6,712 7,987 4,029 3,866 3,243 3,253 2,721 2,618 64,136 
Recorded 1974 9,350 9,010 10,160 8,730 7,080 9,780 6,740 4,050 2,160 2,970 2,650 2,860 75,540 
Calculated 1975 2,983 2,872 3,717 5,094 4,519 5,632 3,308 7,935 14,925 5,293 5,865 3,975 65,119 
Recorded 1975 4,330 6,180 6,340 5,900 5,680 7,160 4,440 7,180 13,250 5,450 4,160 3,960 74,030 
I , J 
Table 7. Comparison of simulated and measured outflow, 1962-1975, using model calculated diversions - Circleville. 
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL 
Calculated 1962 2,537 5,847 5,399 4,915 4,396 9,587 16,429 20,198 6,393 5,041 4,653 4,999 90,392 
Recorded 1962 2,920 4,520 5,680 5,060 8,690 11,030 18,370 18,290 7,270 3,230 2,640 3,780 91,480 
Calculated 1963 4,600 8,389 7,645 6,521 3,364 3,146 3,082 4,737 3,727 2,606 3,981 3,239 54,938 
Recorded 1963 5,270 6,330 6,210 4,650 7,100 6,120 3,580 5,350 1,820 1,600 2,710 3,780 54,520 
Calculated 1964 2,978 6,323 5,423 4,921 2,081 2,476 3,376 5,926 5,089 3,520 3,565 3,263 48,941 
Recorded 1964 2,650 4,430 6,210 4,990 4,940 5,180 6,630 9,630 4,730 1,910 2,880 2,100 56,280 
Calculated 1965 2,948 6,211 6,033 5,318 2,337 2,747 3,139 16,379 20,678 5,757 5,478 5,722 82,746 
Recorded 1965 3,030 4,360 6,420 5,530 5,630 5,720 5,240 11,930 19,990 7,940 3,970 5,240 84,910 
Calculated 1966 4,770 11,750 9,900 7,901 3,528 4,631 7,947 14,458 5,992 4,666 4,926 4,664 84,133 
Recorded 1966 5,190 7,660 7,900 6,480 5,770 12,240 9,850 13,670 3,860 2,910 3,240 3,690 82,460 
Calculated 1967 4,880 8,793 9,739 7,693 3,121 3,555 3,689 16,028 21,288 6,827 6,333 11,697 103,643 
Recorded 1967 6,520 7,050 8,540 6,970 6,800 7,850 4,520 11,220 19,480 8,370 5,070 11,220 103,610 
Calculated 1968 5,484 10,556 8,344 7,825 5,878 7,235 8,571 23,481 9,324 6,947 7,094 6,340 108,082 
Recorded 1968 8,800 6,380 6,350 5,260 5,120 5,000 9,130 17,910 15,750 7,290 8,300 5,150 100,440 
Calculated 1969 5,844 10,633 9,282 10,167 4,221 5,826 18,118 52,999 31,088 8,590 8,309 7,731 172,807 
Recorded 1969 7,080 7,910 6,980 7,1206,780 7,340 13,680 41,940 26,810 10,790 9,860 8,870 155,160 
Calculated 1970 7,161 13,687 11,971 10,503 4,809 4,902 4,344 5,940 6,339 5,537 5,406 5,224 85,825 
N Recorded 1970 8,780 10,300 9,620 8,840 7,850 7,670 5,120 4,450 4,050 3,580 4,180 4,290 78,730 
I-' Calculated 1971 4,641 10,346 7,606 6,610 3,046 3,164 3,115 4,642 5,639 4,105 5,217 3,836 61,967 
Recorded 1971 5,170 7,350 7,090 6,820 5,120 6,770 3,710 4,490 5,820 2,640 6,070 4,550 65,600 
Calculated 1972 4,826 7,974 10,399 7,362 3,034 3,230 3,069 4,560 5,216 3,682 4,155 3,913 61,419 
Recorded 1972 5,080 7,630 12,110 6,820 6,770 6,390 3,400 5,410 3,990 2,400 2,830 4,010 66,840 
Calculated 1973 4,999 8,917 6,633 5,696 2,966 5,271 9,811 49,199 32,211 7,541 7,258 6,827 147,329 
Recorded 1973 7,350 7,820 6,150 6,940 7,040 8,820 12,730 38,890 31,440 9,600 8,130 7,220 152,130 
Calculated 1974 6,077 12,500 10,534 7,784 3,916 4,293 3,934 4,827 4,007 3,916 3,379 3,268 68,435 
Recorded 1974 9,350 9,010 10,160 8,730 7,080 9,780 6,740 4,050 2,160 2,970 2,650 2,860 75,540 
Calculated 1975 3,602 6,463 5,606 4,972 2,090 2,517 2,812 5,680 10,495 6,188 5,640 4,661 60,724 
Recorded 1975 4,330 6,180 6,340 5,900 5,680 7,160 4,440 7,180 l3,250 5,450 4,160 3,960 74,030 
Table 8. Comparison of simulated and measured outflow, 1962-1975, using historical diversions - Marysvale. 
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL 
Calculated 1962 11,320 4,554 2,315 1,376 3,070 1,715 9,009 21,031 20,706 31,243 23,204 15,328 144,870 
Measured 1962 10,520 4,750 1,500 1,560 1,700 1,630 5,580 21,130 22,230 29,570 24,250 14,770 139,190 
Calculated 1963 5,673 4,030 1,961 1,004 5,170 10,711 7,381 17,885 7,013 13,962 7,280 4,381 86,450 
Measured 1963 5,440 5,570 2,650 615 5,020 12,930 8,180 18,750 7,120 15,310 8,900 3,610 94,095 
Calculated 1964 3,870 3,998 1,866 1,056 2,448 5,669 8,634 14,824 8,727 20,204 14,634 4,892 90,823 
Measured 1964 5,250 4,050 1,290 952 1,940 5,040 9,100 15,450 8,840 20,590 15,430 5,420 93,352 
Calculated 1965 4,081 3,224 1,609 793 2,615 7,411 14,589 15,506 10,245 21,569 12,453 17,848 111,944 
Measured 1965 5,010 3,330 1,180 1,100 2,990 7,920 15,180 15,630 12,030 22,560 12,860 17,050 116,840 
Calculated 1966 8,634 5,930 3,030 1,515 819 2,001 12,452 21,439 18,954 21,021 18,401 5,310 119,595 
Measured 1966 10,910 5,680 1,750 1,220 1,270 1,270 13,530 23,010 21,730 23,030 18,460 5,890 127,750 
Calculated 1967 4,989 3,652 5,482 2,327 4,312 8,695 7,977 20,699 9,645 24,752 19,065 9,021 120,616 
Measured 1967 5,980 5,090 1,930 1,290 4,500 10,480 7,730 21,040 12,490 26,480 22,090 10,620 129,720 
Calculated 1968 9,703 2,481 1,747 1,502 2,819 6,546 3,767 25,027 17,479 31,883 11,065 22,712 136,730 
Measured 1968 8,680 6,240 1,830 1,550 7,570 11,490 1,730 28,750 20,190 31,720 15,530 23,650 158,930 
Calculated 1969 6,005 3,980 2,061 1,101 4,876 13,066 22,515 46,088 32,268 31,371 27,773 14,637 205,740 
N Measured 1969 9,120 5,680 2,380 1,700 5,900 15,590 25,720 44,850 39,020 37,650 30,640 18,390 236,640 N 
Calculated 1970 7,445 5,304 2,993 8,614 9,167 9,982 14,599 24,855 15,208 28,287 22,067 11,466 159,986 
Measured 1970 9,350 5,430 3,520 8,500 11,140 10,430 16,370 28,840 20,910 29,570 25,840 16,750 186,650 
Calculated 1971 6,438 3,371 1,608 830 546 240 8,564 26,714 16,675 26,405 18,489 5,179 115,059 
Measured 1971 8,900 4,710 1,630 1,220 1,110 1,210 9,340 26,200 21,440 30,130 21,530 6,470 133,890 
Calculated 1972 5,228 2,559 2,362 745 287 1,761 10,635 25,189 16,129 24,885 13,456 3,520 106,757 
Measured 1972 4,600 3,540 2,320 1,820 1,660 2,180 13,690 26,440 19,220 27,780 20,120 5,440 128,810 
Calculated 1973 3,985 2,780 1,069 1,054 1,235 996 11,496 58,741 56,138 30,872 28,651 17,633 214,648 
Measured 1973 4,940 3,500 1,540 1,710 1,520 1,830 8,470 50,570 57,200 35,060 30,440 20,110 216,890 
Calculated 1974 7,595 4,778 2,322 3,404 14,001 5,962 4,829 28,464 22,897 22,476 20,672 3,806 141,205 
Measured 1974 9,010 5,060 2,070"3,010 15,020 6,720 2,220 29,970 27,630 26,490 26,060 8,420 161,680 
Calculated 1975 2,049 1,938 1,768 699 5,038 379 5,983 24,589 15,226 26,278 24,803 7,388 116,136 
Measured 1975 5,660 4,880 1,940 722 887 1,420 3,770 23,160 14,690 29,460 25,250 11,500 123,339 
Table 9. Comparison of simulated and measured outflow, 1962-1975, using model calculated diversions - Marysvale. 
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL 
Calculated 1962 7,737 ' 7,577 2,273 1,756 1,988 1,744 9,787 22,624 14,108 20,066 19,051 16,760 125,471 
Measured 1962 10,520 4,750 1,500 1,560 1,700 1,630 5,580 21,130 22,230 29,570 24,250 14,770 139,190 
Calculated 1963 10,793 9,305 3,194 1,433 3,167 9,493 10,473 13,203 7,919 9,394 8,333 6,493 93,199 
Measured 1963 5,440 5,570 2,650 615 5,020 12,930 8,180 18,750 7,120 15,310 8,900 3,610 94,095 
Calculated 1964 5,170 7,280 1,325 988 1,199 3,213 13,376 14,790 7,651 11,784 12,229 7,940 86,844 
Measured 1964 5,250 4,050 1,290 952 1,940 5,040 9,100 15,450 8,840 20,590 15,430 5,420 93,352 
Calculated 1965 5,885 5,996 1,720 703 1,316 386 12,903 20,394 10,331 15,748 12,993 15,539 107,388 
Measured 1965 5,010 3,330 1,180 1,100 2,990 7,920 15,180 15,630 12,030 22,560 12,860 17,050 116,840 
Calculated 1966 11,233 9,457 3,064 1,620 883 1,346 8,497 20,093 14,444 15,869 16,568 10,323 113,396 
Measured 1966 10,910 5,680 1,750 1,220 1,270 1,270 13,530 23,010 21,730 23,030 18,460 5,890 127,750 
Calculated 1967 7,820 7,333 6,046 2,369. 2,140 5,394 8,830 22,439 10,187 16,424 16,403 12,775 118,161 
Measured 1967 5,980 5,090 1',930 1,290 4,500 10,480 7,730 21,040 12,490 26,480 22,090 10,620 129,720 
Calculated 1968 8,702 6,077 2,960 2,977 1,630 3,649 4,183 27,320 13,658 24,009 14,181 17,371 126,718 
Measured 1968 8,680 6,240 1,830 1,550 7,570 11,490 1,730 28,750 20,190 31,720 15,530 23,650 158.930 
Calculated 1969 10,401 7,603 2,838 1,548 3,372 10,890 23,322 47,292 29,796 23,011 21,807 16,970 198,850 
Measured 1969 9,120 5,680 2,380 1,700 5,900 15,590 25,720 44,850 39,020 37,650 30,640 18,390 236,640 
Calculated 1970 11,937 10,399 4,457 9,084 4,775 8,266 16,994 22,203 12,679 19,209 19,183 15,212 154,397 
N Measured 1970 9,350 5,430 3,520 8,500 11,140 10,430 16,370 28,840 20,910 29,570 25,840 16,750 186,650 
w Calculated 1971 10,800 6,663 2,713 1,386 854 449 5,821 22,649 13,736 17,776 18,076 10,549 111,473 
Measured 1971 8,900 4,710 1,630 1,220 1,110 1,210 9,340 26,200 21,440 30,130 21,530 6,470 133,890 
Calculated 1972 8,390 4,411 3,358 1,085 459 1,003 6,935 19,978 13,970 17,132 14,558 8,434 99,711 
Measured 1972 4,600 3,540 3,320 1,820 1,660 2,180 13,690 26,440 19,220 27,780 20,120 5,440 128,810 
Calculated 1973 6,913 5,124 1,545 1,478 970 1,281 9,533 60,635 51,466 23,968 24,816 18,919 206,649 
Measured 1973 4,940 3,500 1,540 1,710 1,520 1,830 8,470 50,570 57,200 35,060 30,440 20,110 216,890 
Calculated 1974 11,595 8,772 3,421 4,108 7.289 5,558 5,435 23,107 15,962 12,827 17,983 11,134 132,190 
Measured 1974 9,010 5,060 2,070 3,010 15,020 6,720 2,220 29,970 27,630 26,490 26,060 8,420 161,680 
Calculated 1975 6,077 5,770 2,964 616 2,410 1,233 4,548 22,372 13,274 18,697 19,691 13,225 110,877 
Measured 1975 5,660 4,880 1,940 722 887 1,420 3,770 23,160 14,690 29,460 25,250 11,500 123,339 
J 
Table 10. Comoarison of simulated and measured outflow, 1962-1975, us historical diversions - Sigurd. 
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL 
Calculated 1962 2,102 3,472 3,693 3,628 6,870 2,890 2,378 , 2,965 4,272 4,227 4,524 5,539 46,660 
Measured 1962 1,750 3,190 3,150 3,780 5,630 4,220 1,070 2,390 5,270 3,070 3,190 5,980 42,690 
Calculated 1963 1.978 3,727 3,384 3.649 7,884 12,507 4,962 587 -54 -844 718 -121 38,376 
Measured 1963 2,860 3,520 3,330 3,150 7,460 10,740 5,520 1,120 564 269 65 54 38,652 
Calculated 1964 185 2,201 1,302 1,394 2,223 5,454 6,825 4,958 1,983 696 1,117 163 28,501 
Measured 1964 1,440 2,460 2,410 2,790 4,390 5,250 7,1.20 5,030 729 286 82 123 32,110 
Calculated 1965 625 1,948 4,447 1,810 3,373 7,335 6,079 3,460 5,023 3,968 3,301 3,246 44,616 
Measured 1965 1,500 2,600 3,050 2,970 4,420 7,010 7,200 1,840 2,880 2,630 1,260 3,040 40,400 
Calculated 1966 3,612 3,759 4,310 3,376 3,330 5,257 -515 1,215 348 410 409 146 25,657 
Measured 1966 3,980 4,020 4,520 4,350 4,170 4,190 290 759 262 186 272 1,050 28,049 
Calculated 1967 1,337 2,507 4,649 4,080 7,764 10,659 2,565 5,315 6,045 1,537 3,413 5,475 55,346 
Measured 1967 2,210 3,030 4,460 4,760 6,970 10,070 3,860 4,170 5,000 2,140 '2,760 3,590 53,020 
Calculated 1968 2,877 3,126 4,435 4,953 12,629 14,834 2,543 9,219 4,226 2,670 3,125 1,558 66,194 
Measured 1968 4,040 3,900 5,370 5,900 10,470 13,900 2,930 3,830 3,660 1,730 3,410 1,570 60,710 
Calculated 1969 2,467 4,212 4,268 7,483 10,510 19,894 17,145 22,899 25,186 4,419 4,230 9,970 132,685 
Measured 1969 4,500 5,210 6,810 6,660 8,630 17 ,500 15,380 15,150 22,130 3,900 3,630 7,400 116,900 
Calculated 1970 8,826 10,810 10,477 15,356 16,575 13 ,870 5,097 4,919 6,648 -1,254 196 '815 92,334 
N' Measured 1970 8,640 8,810 10,100 12,990 17,280 13,530 8,480 4,500 5,010 2,190 2,250 4,360 98,140 
.j:-
Calculated 1971 5,240 6,759 2,716 6,146 5,268 7,005 1,137 238 257 -1,253 245 1,450 35,209 
Measured 1971 8,050 8,180 7,500 7,880 6,930 7,300 3,000 1,200 1,200 552 2,280 3,490 57,562 
Calculated 1972 2,807 3,730 5,570 5,136 5,259 3,373 1,500 3,204 2,730 2,048 3,611 2,864 41,833 
Measured 1972 3,730 6,120 6,570 6,960 6,150 4,120 264 587 832 110 1,490 2,200 39,133 
Calculated 1973 3,359 3,455 2,980 4,219 4,100 4,692 19,971 44,603 29,125 -1,347 234 3,427 118,817 
Measured 1973 3,350 3,320 3,480 4,770 6,510 4,930 12,870 32,240 32,770 1,710 5,130 6,460 117,540 
Calculated 1974 2,463 6,406 6,837 9,547 19,833 14,552 493 868 -983 -877 630 1,465 61,234 
Measured 1974 7,960 8,040 6,610 7,250 17,460 15,330 6,090 2,020 947 1,590 998 2,760 77,055 
Calculated 1975 3,209 5,730 3,213 4,092 3,570 3,794 -232 13,577 14,135 7,903 3,661 2,440 65,092 
Measured 1975 9,690 4,520 5,570 5,450 5,820 4,350 2,020 3,970 3,460 1,250 1,660 4,410 47,170 
.J 
Table 1l. Comparison of simulated and measured outflow, 1962-1975, using model calculated diversions - Sigurd. 
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL 
Calculated 1962 2,102 8,071 4,910 4,229 2,540 1,693 2,101 8,070 3,856 3,882 4,303 4,833 50,591 
Measured 1962 1,750 3,190 3,150 3,780 5,630 4,220 1,070 2,390 5,270 3,070 3,190 5,980 42,690 
Calculated 1963 1,988 8,516 5,780 3,619 3,441 6,539 1,827 687 -223 -1,130 459 -163 31,339 
Measured 1963 2,860 3,520 3,330 3,150 7,460 10,740 5,520 1,120 564 269 65 54 38,652 
Calculated 1964 364 6,470 2,715 2,078 918 2,246 2,833 3,780 2,268 862 1,214 166 25,916 
Measured 1964 1,440 2,460 2,410 2,790 4,390 5,250 7,120 5,030 729 286 82 123 32,110 
Calculated 1965 724 5,864 6,047 3,096 1,363 3,042 2,810 10,170 4,058 3,628 3,001 3,124 46,926 
Measured 1965 1,500 2,600 3,050 2,970 4,420 7,010 7,200 1,840 2,880 2,630 1,260 3,040 40,400 
Calculated 1966 3,702 9,900 5,529 3,783 1,687 2,499 -450 1,037 2 -31 -17 -166 27,474 
Measured 1966 3,980 4,020 4,520 4,350 4,170 4,190 290 759 262 186 272 1,050 28,049 
Calculated 1967 1,098 6,544 6,438 4,168 2,782 5,048 759 13,198 3,457 1,431 3,318 2,917 51,157 
Measured 1967 2,210 3,030 4,460 4,760 6,970 10,070 3,860 4,170 5,000 2,140 2,760 3,590 53,020 
Calculated 1968 3,297 8,926 5,393 4,801 5,155 8,875 6,220 18,659 3,686 2,242 3,017 1,830 72,101 
Measured 1968 4,040 3,900 5,370 5,900 10,470 13,900 2,930 3,830 3,660 1,730 3,410 1,570 60,710 
Calculated 1969 2,826 9,290 6,107 7,669 5,817 17,267 23,189 36,167 26,120 3,275 3,205 5,976 146,917 
Measured 1969 4,500 5,210 6,810 6,660 8,630 17,500 15,380 15,150 22,130 3,900 3,630 7,400 116,900 
Calculated 1970 4,998 10,580 8,308 13,019 8,347 14,395 10,074 10,255 2,094 -1,543 158 336 81,019 
tv Measured 1970 8,640 8,810 10,100 12,990 17,280 13,530 8,480 4,500 5,010 2,190 2,250 4,360 98,140 
l..n Calculated 1971 2,943 9,270 4,513 5,243 2,670 2,936 496 5,814 -520 -1,545 44 676 32,540 
Measured 1971 8,050 8,180 7,500 7,880 6,930 7,300 3,000 1,200 1,200 552 2,280 3,490 57,562 
Calculated 1972 1,664 6,706 6,236 5,391 2,962 2,325 1,420 3,224 2,666 1,929 3,538 1,987 40,046 
Measured 1972 3,730 6,120 6,570 6,960 6,150 4,120 264 587 832 110 1,490 2,200 39,133 
Calculated 1973 2,749 6,554 4,781 4,000 1,564 1,517 15,192 57,142 33,846 -1,020 -211 1,417 127,532 
Measured 1973 3,350 3,320 3,480 4,770 6,510 4,930 12,870 32,240 32,770 1,710 5,130 6,460 117,450 
Calculated 1974 2,422 9,802 6,797 7,795 10,069 14,797 570 6,122 -1,903 -1,543 404 1,780 57,111 
Measured 1974 7,960 8,040 6,610 7,250 17,460 15,330 6,090 2,020 947 1,590 998 2,760 77,055 
Calculated 1975 3,050 9,008 5,384 3,505 1,640 1,030 -790 9,086 8,400 9,315 3,682 2,241 55,553 
Measured 1975 4,690 4,520 5,570 5,450 5,820 4,350 2,020 3,970 3,460 1,250 1,660 4,410 47,170 
II 
, .J 
Table 12. Comparison of simulated and measured outflow, 1962-1975, using historical diversions - Salina. 
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL 
Calculated 1962 5,037 8,191 5,872 7,917 19,321 13,963 9,070 13,291 12,581 5,226 4,797 9,923 115,188 
Measured 1962 4,310 6,640 7,390 7,550 18,070 14,690 11,440 11,300 11,170 5,020 6,000 9,120 112,700 
Calculated 1963 6,061 7,947 9,855 7,744 15,292 12,997 7,665 4,724 4,097 2,701 2,552 3,112 84,745 
Measured 1963 6,520 6,570 9,210 9,270 13,340 13,140 8,840 4,050 3,620 1,880 2,330 3,550 82,320 
Calculated 1964 2,180 4,413 4,868 4,873 7,099 10,946 13,048 10,226 4,798 2,678 2,873 2,776 70,778 
Measured 1964 3,350 5,120 6,950 7,210 8,710 9,600 9,700 11,400 4,780 1,690 2,350 2,410 73,270 
Ca1cu1a ted 1965 2,265 7,952 9,976 6,373 8,547 8,700 8,644 10,387 15,762 7,439 5,319 8,530 99,896 
Measured 1965 3",340 5,230 8,780 8,850 9,500 9,850 10,010 14,400 21,380 7,650 6,330 8,030 113,450 
Calculated 1966 6,783 11,112 12,283 10,499 9,727 6,925 6,948 7,784 6,932 6,280 6,219 6,036 97,530 
Measured 1966 9,990 12,840 19,580 17,250 14,500 20,990 4,210 5,300 3,190 2,140 2,760 4,320 117,070 
Calculated 1967 8,368 13,551 23,200 14,078 16,815 16,979 21,373 24,585 34,509 36,503 29,583 29,786 269,331 
Measured 1967 5,970 6,500 10,210 9,940 12,430 13,420 8,280 8,210 9,870 3,750 4,650 7,030 100,260 
Calculated 1968 36,346 37,415 43,699 38,037 37,412 33,780 22,011 21,196 18,478 12,410 12,401 11,785 324,970 
Measured 1968 7,670 8,400 10,660 11,720 15,500 21,630 9,020 16,370 17,590 3,850 7,900 4,930 135,240 
Calculated 1969 16,394 17,977 18,369 18,457 17,704 23,019 21,026 29,805 35,966 11,897 10,588 16,629 237,829 
Measured 1969 10,220 12,070 14,720 21,420 24,010 39,160 25,230 33,540 37,660 11,860 8,930 12,430 251,250 
Calculated 1970 22,664 20,327 22,750 23,405 24,500 22,937 13,313 10,600 15,008 9,887 9,889 10,144 205,424 
N Measured 1970 17,490 18,500 21,280 27,760 32,980 26,340 14,390 23,530 19,690 7,140 7,960 11,160 228,220 
CI' 
Calculated 1971 21,577 19,181 18,312 17,163 15,966 15,535 9,539 9,575 9,215 7,687 8,085 8,139 159,974 
Measured 1971 16,740 18,380 17,390 20,230 22,810 21,600 10,730 14,230 11,210 3,720 6,000 9,000 172,040 
Calculated 1972 8,424 8,355 15,803 10,668 7,873 6,658 6,964 6,689 6,564 5,820 6,604 5,906 96,329 
Measured 1972 11,460 16,060 16,370 15,990 17,350 14,720 4,910 4,370 4,700 2,830 4,620 6,480 119,860 
Calculated 1973 5,980 6,003 5,764 5,479 17,093 14,212 8,691 17,006 19,105 12,430 11,946 12,045 135,754 
Measured 1973 8,870 11,480 12,360 13,180 14,350 16,700 24,570 63,810 60,580 7,850 7,490 11,050 252,290 
Calculated 1974 25,870 35,122 27,488 19,398 28,220 29,498 14,434 11,276 9,363 8,717 8,727 10,153 228,265 
Measured 1974 16,620 17,450 17,640 18,850 29,470 46,190 19,320 26,790 7,370 4,780 5,090 6,460 216,030 
Calculated 1975 12,462 13,874 14,045 12,126 14,195 12.518 5,526 10,761 10,408 7,400 5,578 6,428 125,321 
Measured 1975 10,090 11,740 13,290 12,910 13,340 15,210 8,850 16,650 32,520 8,410 5,350 8,370 156,730 
..I 
Table 13. Comparison of simulated and measured outflow, 1962-1975, using model calculated diversions - Salina. 
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL 
Calculated 1962 3,391 11,564 7,874 9,890 20,765 15,056 9,350 16,367 6,740 4,941 4,422 5,698 116,059 
Measured 1962 4,310 6,640 7,390 7,550 18,070 14,690 11,440 11,300 11,170 5,020 6,000 9,120 112,700 
Calculated 1963 4,708 11,719 11,620 9,420 5,376 4,175 4,585 5,438 4,804 3,358 3,169 3,738 72,110 
Measured 1963 6,520 6,570 9,210 9,270 13,340 13,140 8,840 4,050 3,620 1,880 2,330 3,550 82,320 
Calculated 1964 2,791 9,195 7,785 7,275 3,048 3,525 4,348 5,928 4,934 3,638 3,758 3,589 59,813 
Measured 1964 3,350 5,120 6,950 7,210 8,710 9,600 9,700 11,400 4,780 1,690 2,350 2,410 73,270 
Calculated 1965 3,060 12, 923 13, 067 9,157 3,610 3,067 7,470 17,117 8,142 7,127 5,755 7,519 98,016 
Measured 1965 3,440 5,230 8,780 8,850 9,500 9,850 10,010 14,400 21,380 7,650 6,330 8,030 113,450 
Calculated 1966 6,941 17,408 22,629 18,884 5,999 6,350 6,414 7,255 6,375 5,683 5,666 5,515 115,117 
Measured 1966 9,990 18,840 19,580 17,250 14,500 20,990 4,210 5,300 3,190 2,140 ~,760 4,320 117,070 
Calculated 1967 5,568 60,579 104,770 32,811 21,679 37,909 56,410 57,440 63,274 57,083 13,452 16,792 527,768 
Measured 1967 5,970 6,500 10,210 9,940 12,430 13 ,420 8,280 8,210 9,870 3,750 4,650 7,030 100,260 
Calculated 1968 9,375 18,295 17,805 18,007 21,086 29,328 25,437 26,252 10,344 7,403 8,159 7,840 199,331 
Measured 1968 7,670 8,400 10,660 11,720 15,500 21,630 9,020 16,370 17,590 3,850 7,900 4,930 135,240 
Calculated 1969 7,099 17,268 17,949 26,161 8,074 33,132 30,344 31,907 31,350 9,934 8,875 9,203 231,296 
Measured 1969 10,220 12,070 14,720 21,420 24,010 39,160 25,230 33,540 37,660 11,860 8,930 12,430 251,250 
Calculated 1970 9,242 22,463 24,892 30,079 10,126 31,484 28,638 10,769 10,296 8,923 9,138 9,411 205,461 
N Measured 1970 17 ,490 18,500 21,280 27,760 32,980 26,340 14,390 23,530 19,690 7,140 7,960 11,160 228,220 
-.J Calculated 1971 9,440 23,238· 21,558 21,830 8,842 16,808 18,081 12,795 8,442 6,903 7,408 7,530 162,875 
Measured 1971 16,740 18,380 17,390 20,230 22,810 21,600 10,730 14,230 11,210 3,720 6,000 9,000 172,040 
Calculated 1972 7,636 18,471 16,251 16,814 6,655 5,522 5,936 5,690 5,646 4,931 5,786 5,156 104,495 
Measured 1972 11,460 16,060 16,370 15,990 17,350 14,720 4,910 4,370 4,700 2,830 4,620 6,480 119,860 
Calculated 1973 5,298 13,840 9,819 9,867 5,346 16,526 33,976 64,611 35,933 7,856 7,590 7,994 218,655 
Measured 1973 8,870 11,480 12,360 13,180 14,350 16,700 24,570 63,810 60,580 7,850 7,490 11,050 252,290 
Calculated 1974 7,852 23,785 21,069 17,112 11,734 49,388 20,600 8,782 7,090 6,695 7,079 6,630 187,817 
Measured 1974 16,620 17,450 17,640 18,850 29,470 46,190 19,320 26,790 7,370 4,780 5,090 6,460 216,030 
Calculated 1975 6,413 15,641 14,981 12,842 5,676 5,820 5,369 14,196 10,597 7,293 5,511 6,435 110,774 
Measured 1975 10,090 11,740 13,290 12,910 13,340 15,210 8,850 16,650 32,520 8,410 5,350 8,370 156,730 
.J 
Table 14. Error for 14 years. 
OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL 
Circleville 
1962 -383 -871 -180 -35 1,555 -556 608 357 717 1,275 1,488 669 4,643 
1963 -1,195 -1,630 107 1,712 -10 -1,290 -960 -962 1,631 765 1,456 -824 -1,201 
1964 65 -1,382 -903 59 -509 163 -1,462 -675 -387 1,001 -841 670 -3,201 
1965 -600 -1,104 -709 -403 -803 176 -1,854 508 3,845 -1,644 1,024 21 -1,543 
1966 -785 1,366 1,857 1,278 949 -2,443 1,550 1,037 1,751 917 867 123 8,468 
1967 -1,548 -265 378 75 -756 -468 -1,018 3,071 2,921 1,205 1,162 700 6,396 
1968 -1,814 1,082 823 1,601 3,824 2,649 437 1,238 -1,610 -1,323 -2,099 371 5,179 
1969 -1,914 -800 1,962 1,401 396 -3,375 4,110 10,521 3,040 709 -173 508 16,387 
1970 -1,994 -3,429 1,188 2,188 1,936 1,248 -1,322 1,142 2,078 1,753 955 1,593 7,336 
1971 782 1,802 -542 -892 349 -825 -1,242 -375 213 1,006 -1,287 -1,160 -2,172 
1972 -658 -9l0 -2,345 381 -311 -537 -941 -1,325 856 927 938 -485 -4,408 
1973 -190 -49 5 -1,9l9 -1,048 -2,197 -1,026 9,753 3,492 50 -495 358 6,733 
1974 -3,334 -1,293 -1,243 -1,673 -368 -1,793 -2,711 -184 1,083 283 71 -242 -11,404 
1975 -1,347 -3,308 -2,623 -806 -1,161 -1,528 -1,132 755 1,675 -157 1,705 15 -8,911 
Marysvale 
1962 800 -196 815 -184 1,370 85 3,429 -99 -1,524 1,673 -1,046 558 5,680 
1963 233 -1,540 -689 389 150 -2,219 -799 -865 -107 -1,348 -1,620 771 -7,645 
1964 -1,380 -52 576 104 508 629 -466 -626 -113 -386 -796 528 -2,429 
1965 -929 106 429 -307 -375 -509 -591 -124 -1,785 -991 -407 798 -4,896 
1966 -2,276 250 1,280 295 -451 731 -1,078 -1,571 -2,776 -2,009 -59 -580 -8,155 
N 1967 -991 -1,438 3,552 1,037 -188 -1,785 247 -341 -2,845 -1,728 -3,025 -1,599 -9,104 00 
1968 1,023 -3,759 -83 -48 -4,751 -4,944 2,037 -3,723 -2,711 163 -4,465 -938 -22,200 
1969 -3,115 -1,700 -319 -599 -1,024 -2,524 -3,205 1,238 -6,752 -6,279 -2,867 -3,753 -30,900 
1970 -1,905 -126 -527 114 -1,973 -448 -1, 771 -3,985 -5,702 -1,283 -3,773 -5,284 -26,664 
1971 -2,462 -1,339 -22 -390 -564 -970 -776 514 -4,765 -3,725 -3,041 -l,29l -18,831 
1972 628 -981 42 -1,075 -1,373 -419 -3,055 -1,251 -3,091 -2,895 -6,664 -1,920 -22,053 
1973 -955 -720 -471 -656 -285 -834 3,026 8,171 -1,062 -4,188 -1,789 -2,477 -2,242 
1974 -1,415 -282 252 394 -1,019 -758 2,609 -1,506 -4,733 -4,014 -5,388 -4,614 -20,475 
1975 -3,611 -2,942 -172 -23 4,151 -1,041 2,213 1,429 536 3,182 -447 -4,112 -7,203 
Sigurd 
1962 352 282 543 -152 1,340 -1,330 1,308 575 -998 1,157 1,334 -441 3,970 
1963 . 
-882 207 54 499 424 1,767 -558 -533 -618 -1,113 653 -175 -276 
1964 -1,255 -259 -1,108 -1,396 -2,167 204 -295 -72 1,254 410 1,035 40 -3,609 
1965 -875 -652 1,397 -1,160 -1,047 325 -1.121 1,620 2,143 1,338 2,041 206 4,216 
1966 -368 -261 -210 -974 -840 1,067 -805 456 86 224 137 -904 -2,392 
1967 -873 -523 189 -680 794 589 -1,295 1,145 1,045 -603 653 1,885 2,326 
1968 -1,163 -774 -935 -947 2,159 934 -387 5,389 566 940 -285 -12 5,484 
1969 -2,033 -998 -2,542 823 1,880 2,394 1,765 7,749 3,056 519 660 2,570 15,785 
1970 186 2,000 377 2,366 -705 340 -3,383 419 1,638 -3,444 -2,054 -3,545 -5,806 
1971 -2,810 -1,421 -4,784 -1,734 -1,662 -295 -1,863 -962 -943 -1,805 -2,035 -2,040 -22,353 
1972 -923 -2,390 -1,000 -1,824 -891 -747 1,236 2,617 1,898 1,938 2,121 664 2,700 
1973 9 135 -500 -551 -2,410 -238 7,101 12,363 -3,645 -3,057 -4,896 -3,033 1,277 
1974 -5,497 -1,634 227 2,297 2,373 -778 -5,597 -1,152 -1,930 -2,467 -368 -1,295 -15,821 
1975 -6,481 1,210 -2,357 -1,358 -2,250 -556 -2,252 9,607 10,675 6,653 2,001 -1,970 17,922 
N 
1.0 
Table 14. Continued. 
OCT 
1962 727 
1963 -459 
1964 -1,170 
1965 -1,075 
1966 -3,207 
1967 2,398 
1968 28,676 
1969 6,174 
1970 5,174 
1971 4,837 
1972 -3,036 
1973 -2,890 
1974 9,250 
1975 2,372 
NOV 
1,551 
1,477 
-707 
2,722 
-1,728 
7,051 
29,015 
5,907 
1,827 
801 
-7,705 
-5,477 
17,672 
2,134 
DEC JAN FEB MAR 
-1,518 367 1,251 -727 
645 -1,526 1,952 -143 
-2,082 -2,337 -1,611 1,346 
1,196 -2,477 -953 -1,150 
-7,297 -6,751 -4,773 -14,065 
12,990 4,138 4,385 3,559 
33,039 26,317 21,912 12,150 
3,649 -2,963 -6,306 -16,141 
1,470 -4,355 -8,480 -3,403 
922 -3,067 -6,844 -6,065 
-567 -5,322 -9,477 -8,062 
-6,596 -7,701 2,743 -2,488 
9,848 548 -1,250 -16,692 
755 -784 855 -2,692 
APR MAY JUN JUL AUG SEP TOTAL 
-2,370 1,991 1,411 206 1,203 803 2,488 
-1,175 674 477 821 222 -438 2,425 
3,348 -1,174 18 988 523 366 -2,492 
-1,366 -4,013 -5,618 -211 1,011 500 -13,554 
2,738 2,484 3,742 4,140 3,459 1,716 -19,540 
13,093 16,375 24,639 32,753 24,933 22,756 169,071 
12,991 4,826 888 8,560 4,501 6,855 189,730 
-4,204 -3,735 -:1,694 127 1,658 4,199 -13,421 
-1,077 -12,930 -4,682 2,747 1,929 -1,016 -19,796 
-1,191 -4,655 -1,995 3,967 2,085 -861 -12,066 
2,054 2,319 1,864 2,990 1,984 -574 -23,531 
-15,879 -46,804 -41,475 4,580 4,456 995 -116,563 
-4,886 -15,514 1,993 3,937 3,637 3,693 12,235 
-3,324 -5,889 -22,112 -1,010 228 -1,942 -31,409 
After the 1962-1964 calibration, 14 
years of data were used in a model run. In 
subbasin 3 it appeared that the accuracy of 
prediction decreased after about 1967 or 1968 
while the accuracy of prediction in subbasin 
4 seemed to remain quite constant. As a 
result of this observation, several compari-
sons of data from subbasin 3 and subbasin 4 
were made. After the comparisons of subbasin 
3 and 4 data, it was decided to recalibrate 
for the 1974-1976 time period because the 
salinity data were collected after the 
diversion data relationship change. 
Input data consistency needs to be 
checked before modeling begins. The double 
mass curve is commonly used to determine when 
relationships among variables change and is 
accomplished by plotting the variable being 
tested against a base data set. Since the 
relationship between diversion records in 
subbasins 3 and 4 seemed to change over the 
14-year period of record, a double mass 
plot of the sum of diversions in subbasin 3 
and subbasin 4 was plotted. It was obvious 
that the relationship changed in 1967 or 1968 
from the double mass plot, Figure 17. During 
operation of the model, the predicted out-
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flows, based on the model as calibrated to 
match 1964 flows, agreed quite well with the 
measured outflows until 1967. It would seem 
that the inability of the model to continue 
accurate prediction was due to a change in 
the relationship between systems of the 
collected diversion data. It is unfortunate 
that the double mass plot cannot also give 
the reason for the change in the relationship 
between the two variables. It was inter-
esting, however, that the relationship seemed 
to remain quite constant on either side of 
the change. Since the model had no way of 
predicting the change in relationship, it 
could not make proper predictions for the 
record after the change. 
Figure 18 -is a double mass plot of the 
temperature data in subbasins 3 and 4. This 
plot shows that the temperature relationship 
between these two subbasins remains constant 
throughout the 14-year period. Plots of 
inflow vs diversions in subbasin 3 and 
precipitation in subbasin 3 vs precipitation 
in subbasin 4 are shown in· Figures 19-and·20. 
The purpose of these plots was. to determine 
whether or not the relationship between 
the data groups plotted remains constant 
800 1000 
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Figure 17. Relationship between diversions of Marysvale and Sigurd, 1962 to 1975. 
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Figure lB. Temperature relationship between Marysvale and Sigurd, 1962-1975. 
through the 14-year simulation period. The 
most obvious results are the temperature 
which remained the same and the diversions 
which changed once. 
In subbasin 1 the average predicted 
outflow for the 14 years was 1.B percent 
high. For subbasin 3, the predicted output 
was B.6 percent low. Subbasin 4 predicted 
outflow was 0.4 percent below the measured 
total. The difference between predicted and 
measured outflows from subbasin 5 was a plus 
40 percent. This of course is too high. The 
data comparisons were made between subbasin 3 
and subba~in 4 because the difference in the 
degree of accuracy was first noticed between 
these two subbasins. The same type of 
comparison could be made for the subbasin 3 
and subbasin 5 data. However, this was not 
done, but the subbasins were recalibrated for 
the 1974-1976 data period. Fourt~en-year 
31 
predictions were not made for subbasin 2 
since insufficient data were available to 
provide input for the model. 
As discussed earlier, local water 
conservation can be accomplished through more 
efficient water transport systems, elimina-
tion of tailwater at the farm, reduction of 
phreatophyte use, and more efficient applica-
tion of the water to the crops. However, the 
individual farmer may feel that the water 
saved should then be available for applica-
tion to additional land. Increased use 
efficiency on the farm could be achieved 
through lined ditches, improved control 
structures, and sprinkler systems. 
Model estimation of the effects of these 
measures on downstream flow and salinity were 
based on the calibrations for 1974-1976. 
These estimates should be considered as 
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Figure 19. Relationship between inflow and diversions - Marysvale, 1962-1975. 
(J) 
~ 
II: 100 u Z 
H 
Z 
H 
(V) 
~ 
z 80 H 
(J) 
<C 
!Xl 
!Xl 
D 
tI.l 
Z 
0 60 H 
~ 
E-! 
H p... 
H 
U 
~ p... 
~ 
0 
z 
0 
H 
E-! j 
tI.l 
SUMMATION OF PRECIPITATION SUBBASIN #4 IN INCHES 
Figure 20. Relationship between precipitation of Marysvale and Sigurd, 1962-1975. 
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indicative of the results to be expected from 
the prototype changes. They are, however, 
associated with some degree of variance, just 
as the ca Ii brat ion process demonstrated 
variance. 
The parameters that were varied to 
estimate the consequences of water conserva-
tion efforts were canal spills (18), canal 
conveyance efficiency (19), the canal diver-
sion coefficient (32), and the irrigated land 
consumptive use (36). These parameters were 
selected to approximate the activities of the 
local farmers in implementing the conserva-
tion measures. For example, canal spills 
represent the degree of efficiency of the 
irrigation control structures. Canal convey-
ance efficiency represents lining of canals 
and ditches or installation of pipe delivery 
systems. Application efficiencies cannot be 
directly controlled in the model, so reduc-
tion of canal diversions approximates an in-
crease in application efficiency by supplying 
about the same amount of water· for crop use 
but reducing the amount of water that perco-
lates from the root zone. The change in 
irrigated land consumptive use approximates 
changes in irrigated acreage. These changes 
can be made much faster than can changes in 
the actual crop acreage; though some error 
may exist in this technique. Table 15 shows 
combinations of values used for these param-
eters and the resulting model predictions 
summed or averaged for the 3 years as appli-
cable. 
Parameters 19, 32, and 36 were used 
because they represent adjusting factors for 
canal conveyance efficiency, canal diver-
sions, and irrigated land consumptive use. 
Increased irrigation efficiency includes 
reducing losses so less water needs to be 
diverted to deliver a specified amount 
to the farm, and increasing acreage increases 
consumptive use. Parameters 19 and 32 
represent better transportation and applica-
t ion efficiences, while parameter 36 repre-
sents an increase in irrigated acres. 
Two periods of flow pattern change will 
occur. One flow pattern change occurs during 
the irrigation diversions season and appears 
in the surface flows. Greater delivery and 
on-farm efficiencies require less diversions 
for the same use by the crops so more surface 
water flows from the subbasin. The second 
change occurs during the return flow period. 
If less water reaches the groundwater system, 
less return flow will be seen as a result of 
increased efficiencies or other measures. 
Increased acreage and consumptive use will 
reduce surface outflow and, depending on 
efficiency values used, increase the return 
flow from the groundwater system. The 
resulting changes from the changes in these 
three parameters are not linear since there 
are feedbacks and interrelationships with 
other parameters. 
In the computer runs, one parameter was 
changed each run. This was done to get some 
idea of the magnitude of individual parameter 
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influence. The combinations of changes may 
or may not be achievable in the real world. 
However, the final run with all three param-
eters changed approximates conditions achie-
vable in the real world. 
Circleville 
The model as calibrated for the Circle-
ville subbasin calculated outflows essen-
tially summing to the measured 3-year total. 
The calibrated salt outflow was just under 
300 tons too large, and the outflow salinity 
concentrat ion was 259 mg/l. The actual 
evapotranspiration was 87,521 acre-feet which 
is about 700 acre-feet or 1 percent less than 
potential. 
The first test run consisted of a 41 
percent reduction in the canal diversions. 
The total water outflow increased 2.8 per-
cent, and the 0.6-percent reduction in total 
salt load resulted in a 3.5 percent reduction 
in the average TDS for the 3-year period to 
an average of 250 mg/!. The reduced diver-
s ions caused 1. 6 percent decrease in evapo-
transpiration which was within 2.4 percent 
of the potential evapotranspiration. The 
reduction in diversions would be made possi-
ble by a reduction of tailwater or an in 
crease of 9.2 percent in the application 
efficiency which in effect reduced the excess 
percolation from the root zone. The results 
of this run show actual ET within 2 percent 
of potential. I t seems that to divert and 
apply such an amount of water through flood 
irrigation would require excess irrigation 
for each turn. A similar pattern exists in 
other high basins where the water is set and 
allowed to run for many hours, and the 
infiltration exceeds the water holding 
capacity of the root zone. A more efficient 
timing of water settings would reduce the 
diversion requirement. Single settings may 
currently be overirrigated and should be 
carefully checked. This increase in applica-
tion efficiency might be reached without 
installing sprinkler systems, but on-farm 
testing would be necessary to assure that the 
required leaching would be achieved if such a 
reduction were imposed. Necessary diversions 
could also be reduced by an increase in the 
canal conveyance efficiency; however, this 
combination was not run. 
The two other runs both reduced the 
total water outflow for the 3-year period. 
Although the salinity concentration was 
increased with the increase in irrigated 
area, none of the concentrations were suffi-
ciently high to hinder agricultural produc-
tion. Several extra runs were made on 
this subbasin involving combinations of canal 
conveyance efficiency and total diversions 
and will be discussed later. 
East Fork 
The East Fork subbasin had insufficient 
diversion data during the 1974-1976 period to 
calibrate a reliable hydrology model or 
subsequently a salinity model so only the 
.I 
Table 15. Summary of 3-year model runs to indicate system response to management alternatives. 
PARAMETER VALUES WATER SALT OUTFLOW APPLICATION ACTUAL POTENTIAL OUTFLOW OUTFLOW TDS EFFICIENCY ET ET 18 19 32 36 Acre Feet Tons mg/£ Acre Feet Acre Feet 
Circleville 
*0 .54 1.7 1.0 217,858 76,559 259 75.7 87,521 88,225 
0 .54 1.0 1.0 224,247 76,080 250 82.7 86,104 88,225 
0 1.0 1. 28 1.0 203,622 71,446 258 58.0 88,226 88,225 
0 .54 1.7 1.3 207,006 75,333 268 83.3 105,201 114,693 
Marysvale 
.15 .6 2.1 1.3 395,369 142,777 266 71.3 80,678 96,061 
0 .6 2.1 1.3 384,379 144,911 277 66.0 89,112 96,061 
* .15 .6 2.1 1.0 405,065 147,400 268 67.0 69,052 73.894 
0 1.0 2.1 1.3 366,862 158,421 318 49.3 96,061 96,061 
0 1.0 1. 58 1.3 375,697 152,619 299 59.0 94,448 96,061 
0 1.0 1. 58 1.0 391,769 158,495 298 49.7 73,894 73,894 
.15 .6 1. 58 1.0 413,242 145,909 260 70.7 64,330 73,894 
Sigurd 
* .01 .77 2.1 1.0 162,284 134,170 608 65.3 231,854 247,116 
.01 .77 2.1 1.3 144,345 187,411 955 69.3 256.753 320,909 
w 0 .77 2.1 1.3 142,103 179,028 927 69.3 258,697 320,909 ~ 
0 1.0 2.1 1.3 118,217 119,212 742 69.3 283,120 320,909 
0 1.0 1. 58 1.3 122,455 128,842 774 . 69.3 280.037 320,909 
0 1.0 1. 26 1.3 128.873 246,836 1,409 70.0 274,851 320,909 
Salina 
* .063 .71 1.5 1.0 504,127 814,460 1,189 51. 6 228,407 258,057 
.063 .71 1.5 1.3 491,123 839.592 1,258 54.3 253,625 335,474 
0 .71 1.5 1.3 476,241 817,338 1,263 54.0 264,877 335,474 
0 1.0 1.5 1.3 473,856 913,085 1,418 47.7 286,226 335,474 
0 1.0 1. 25 1.3 485,193 678,526 1,029 52.0 281.959 395,474 
*Indicates the calibrated parameter values. 
18 - Canal spills 
19 - Canal conveyance efficiency 
32 - Adjusting coefficient for canal diversions 
36 - Adjusting coefficient for irrigated land consumptive use 
hydrologic model results based on 1970-1972 
data are presented. With increased effi-
c iencies and 25 percent add it ional acreage 
imposed on the East Fork system, the model 
predicted a decrease in the surface outflow 
of about 7820 acre-feet per year. About 5430 
acre-feet of that amount is from increased 
evapotranspiration, about BOO acre-feet from 
groundwater storage, which would logically 
seem to be short term change and stabi lize 
about 600 acre -feet from increased soil 
moisture storage. I t should also be noted 
that the model predicts an, additional 4258 
acre-feet per year of water could be saved if 
one half of the phreatophytes could be 
eliminated. 
Marysvale 
The 3-year summary of the runs made on 
the Marysvale subbasin are shown in Table 15. 
A 25 percent diversion reduction resulted in 
a 2 percent increase in outflow, or an 
addi tional outflow of 8015 acre-feet during 
the 3-year period. Total salt load decreased 
by 1 percent or 1491 tons. The average 
salinity concentration decreased 3 percent to 
260 mg/I. The associated application effi-
ciency increased 4.7 percent to 70.7 percent, 
bu t the actual evapotransp irat ion decreased 
6.B percent to 12.9 percent below potential. 
A decrease in spills without an accompanying 
reduction in total diversions provides 
additional water for application to the 
fields which reduces the total outflow and 
the application efficiency since more water 
percolates to groundwater. The greatest 
increase in salinity load ing occurred wi th 
eliminating spills, increasing canal convey-
ance efficiency to 100 percent, and in-
creasing the irrigated acreage. This combi-
nation increased, the sal,inity concentration 
to 318 mg/l, and reduced the total outflow by 
9.4 percent or 38,200 acre-feet. The appli-
cation efficiency dropped to 49.3 percent 
while evapotranspiration increased to the 
potential. The salinity predictions for this 
subbasin in the cases of increased land use 
may be as much as 5 percent low. In those 
cases where the irrigated acreage is un-
changed the prediction should be within the 
model accuracies. 
None of the changes will make the 
salinity sufficiently high to impact agricul-
tural production in this subbasin. However, 
these changes would obviously be transported 
downstream in the real system. The area 
of most immediate concern is the water 
quantity. Some consideration needs to be 
given to the impacts of reduced water sup-
plied to the crop and the reSUlting produc-
t ion loss as opposed to the increased water 
for downstream users. 
The average calculated and measured 
salinity concentrations for the Sigurd 
subbasin were 608 mg/l which is about 350 
mg/l higher than the upper subbasins. The 
measured outflow for the 3-year period was 
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162,367 acre-feet. A 30 percent increase in 
acreage caused the salinity concentration to 
jump to 955 mg/l and the outflow to drop to 
144,345 acre-feet. This represents a 12 
percent drop in water outflow and a 57 
percent increase in salinity concentration 
with a 24,900 acre-feet increase in consump-
tive use. The potential consumptive use rose 
73,894 acre-feet to 320,909 acre-feet for the 
period. With the added acreage, the actual 
consumptive use drops to about 80 percent of 
the potential which probably has significant 
impacts on agricultural production. The 
most effective measure in reducing the 
salinity concentration was to increase the 
canal conveyance efficiency. A 23-percent 
increase in the canal conveyance efficiency 
from 77 to 100 percent reduced the average 
salinity concentration from 927 mg/l to 742 
mg/l for the 3-year period. A 40 percent 
reduction in canal divers ions increased the 
average salinity concentration to 1409 mg/l. 
Reduced salinity concentration and 
increased water outflow would be obtained by 
elimination of canal spills, maximum increase 
of canal conveyance efficiency, and about 
15-20 percent reduction in canal diversions. 
The water savings achieved by efficiency 
increases would be sent downstream by re-
ducing the diversions by the same amount. 
Irrigated land should not be increased in 
this subbasin. The application efficiencies 
seem to remain quite constant for all of the 
changes that were made in this subbasin. 
Salina 
The calibrated and measured average 
salinity concentration for the period of 
calibration were the same at llB9 mg/l. The 
salinity levels in this subbasin are suffi-
c ient ly high under present cond i t ions that 
additional salinity inputs are undesirable if 
not intolerable. The 30 percent increase of 
irrigated land use increases the salinity 
concentration from 1189 to 1258 mg/I. The 
water outflow from the subbasin is ,reduced by 
13,000 acre-feet for the 3-year period, a 2.6 
percent reduction. The combination of 
eliminating canal sp ills and increasing the 
canal conveyance efficiency to 100 percent 
reduces the subbasin outflow and increases 
the aver salinity concentration. This 
occurs if saved water is not removed from 
the total diversions. However, both of these 
water saving actions increase the actual 
evapotranspiration. This would mean that 
production or phreatophytes use is enhanced. 
A 16.7 percent reduction in canal diversions 
and 100 percent ,canal conveyance efficiency 
reduced the salinity level to 1029 mg/l and 
increased the water outflow by 234,500 
acre-feet. The calibration run showed actual 
evapotranspiration to currently be about 88.5 
percent of the potentiaL Addition of new 
land reduced the ratio of actual to potential 
evapotranspiration to 75.6 percent. Elimina-
tion of spills raised it to 79 percent, and 
aSSigning 100 percent canal conveyance 
efficiency raised the ratio to 85 percent. 
Reduction in canal diversions by 17 percent 
reduced the actual to potential consumptive 
use ratio to 84 percent. 
These runs ind icate that i rr igat ion of 
additional land, even in conjunction with 
water saving measures, would reduce the 
outflow but the combination would not worsen 
the long term salinity concentration level. 
The procedure to maximize water outflow and 
minimize salinity concentration would be to 
eliminate spills, improve the canal convey-
ance efficiency to the maximum, and reduce 
the canal diversions to corresp.ond with the 
savings plus maybe 10 percent additional. 
Additional acreage should not be irrigated. 
The canal spills return to the river and 
add directly to subbasin outflow. If canal 
spills are eliminated, the water delivered to 
the farm increases by that amount and evapo-
transpiration may increase correspondingly. 
To maintain the same farm deliveries, canal 
diversions must be reduced to equal the spill 
reductions. The same process occurs with 
the improvement in canal conveyance effi-
ciency; if the diversions are not reduced 
equally to the savings, the extra water 
reaching the fields will add to evapo-
transpiration and deep percolation. In-
creased eff iciencies, sp ill elimination, 
decreased diversions, and tailwater control 
must occur in combinations to maintain 
current field conditions and increase the 
water supply to downstream users. 
The seasonal pattern of salt outflow was 
not consistent. A look at Table 4 shows that 
for Circleville subbasin the highest and 
lowest salt outflow occurred in the month of 
June for the calibration period. Generally 
the highest salt product ion occurred in the 
summer high runoff period. However, there 
are exceptions to this statement too. The 
seasonal effects were not cons idered in 
detail. 
Another factor that was not included in 
the management variations was the accumula-
tive effects from one subbasin to the next. 
The numbers given refer to the increase or 
decrease for the specific subbasin and 
not for .the accumulation from the first to 
the subbasin under consideration. Additional 
studies could determine the accumulative 
effects for the whole Sevier River Basin 
above Gunnison. 
ADDITIONAL RUNS 
Additional runs were made on the Circle-
ville subbasin using changes in parameters 
19, 20, and 32 (canal conveyance efficiency, 
target application efficiency, and canal 
diversion adjustment). The resulting out-
flows and /salinity levels are shown in Table 
14. The outflow varies from 199,411 to 
222,242 acre-feet for the 3-year total while 
the dissolved solids vary from 246 to 263 
mg/l average for the 3 years. The salinity 
level corresponding to the maximum outflow 
for these tests was 252 mg/l. This is below 
the present salini ty level, however, the 
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worst case was only 4 mg/l above the present 
level as represented by the calibrated model. 
These additional runs support the conclusion 
that changes in irrigation practice in this 
subbasin will not have serious impacts on the 
salinity levels. The water savings do 
not need to reduce the evapotranspiration 
from the irrigated areas. It appears that 
p hreatophyte removal is one of the more 
promising water conservation possibilities. 
Twenty sensitivity runs were made using 
the Circleville subbasin data while varying 
the canal conveyance ef ficiency, the target 
application efficiency, and the canal diver-
sions. When these runs were made, it was 
anticipated that the model would be the final 
version, but the target application effi-
ciency was later deleted from the model, 
because the application efficiency could not 
be directly controlled. All ot.her parameters 
remained the same, except for a slight change 
in the definition of the application effi-
ciency. This slight change made no differ-
ence in the model output for the calibration 
runs as shown by a comparison· of Tables 13 
and 14. However, since it was feasible 
that the target application efficiency 
could cause a small difference if set at 
values other than 0.6, only those runs with 
parameter value equal to 0.6 were used 
for plotting the figures and deriving the 
equations. 
Table 16 shows the parameter values and 
the system responses for the 20 runs •. Figure 
21 shows the relationship between application 
efficiency, canal conveyance efficiency, and 
canal diversions to water outflow. The top 
solid line represents all runs with a param-
eter 20 value of 0.6, and should be used if 
making predictions. The lower solid line is 
parallel to the top line but drawn through a 
set of points whose parameter 20 value was 
not 0.6. The dashed line represents all 
points. These two lines are only for infor-
mation to indicate the variance of using all 
pOints. It can generally be said that the 
most Significant parameter indicating the 
water outflow for this subbasin is the 
applicat ion efficiency. As app licat ion 
efficiency in the Circleville subbasin 
increases, the outflow increases. Applica-
tion efficiency results from the operation of 
several processes and cannot be controlled by 
setting one parameter. 
Figure 22· shows the relationShip of 
application and canal effiCiency to the 
salinity concentration of the outflow. The 
salinity concentration was found to be more 
affected than was total salt load. The 
lines and equations were made using the ru'ns 
with parameter 20 equal to 0.6, plotted as 
circles. The other points are included for 
reference only. Canal conveyance efficiency 
and application efficiency are important when 
considering salinity concentration. This is 
significant since concentration levels impact 
crop production, but total salt load has no 
significance unless compared to the total 
flow. 
Table 16. Parameter value and system responses for Circleville subbasin. 
Parameter Values Water 
Outflow 
18 19 20 32 Acre feet 
0 .75 .85 1.7 217,439 
0 .75 .60 1.7 213,599 
0 .95 .60 1.7 211,141 
0 .75 .75 1.7 216,450 
0 .95 .75 1.7 215,404 
0 .95 .85 1.7 216,544 
0 .54 .75 1.7 219,608 
0 .54 .85 1.7 220,522 
*0 .54 .60 1.7 217,858 
0 .75 .60 1.7 207,802 
0 .95 .60 1.7 199,411 
0 .54 .60 1. 53 219,555 
0 .75 .60 1. 53 209,289 
0 .95 .60 1. 53 201,263 
0 .54 .60 1. 36 222,242 
0 .75 .60 1. 36 211,801 
0 .95 .60 1. 36 203,958 
0 .54 .60 1. 45 220,670 
0 .75 .60 1.45 210,444 
0 .95 .60 1.45 202,259 
*Calibrate run. 
19 - Canal conveyance efficiency 
20 - Target application efficiency 
Salt 
Outflow 
Tons 
73,715 
73,808 
71,991 
73,609 
72,166 
72,326 
76,351 
76,394 
76,559 
74,034 
71,256 
76,198 
73,887 
71,384 
75.978 
73,874 
71,701 
76,069 
73,886 
71,467 
32 Adjusting coefficient for canal diversions 
In general for this subbasin, as canal 
conveyance and/or application efficiency 
increase, average salinity decreases. Water 
outflow increases as the application effi-
ciency increases. Conveyance efficiency 
increases do not significantly alter the 
water available. 
SUMMARY 
The objective of this study was to 
predict the impacts on water quantity and the 
salinity of the flow available to downstream 
users in the Upper Sevier River Basin from 
implementation of measures for more efficient 
water transport and application and from 
increases in irrigated acreage. Data were 
collected and prepared to calibrate a hydro-
salinity model for four of the five sub-
basins. The East Fork subbasin data would 
not support the hydrologic model for 1974-
1976 data. As a check on the validity of the 
model calibration, a test run was made for 
the 14 years after the 1962-1964 calibration 
period. Because of apparent discontinuities 
in the relationships of the collected data 
for the 14-year period for one or two sub-
basins and because the salinity data were 
better for the 1974-1976 period, the model 
was recalibrated for the new period. The 
model parameters were changed to reflect the 
implementation of the conservation measures 
and the addition of irrigated areas, and the 
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Actual Actual Potential 
TDS Application ET ET 
mg/£ Efficiency Acre feet Acre feet 
249 81 88,226 88,226 
254 73 88,226 88,226 
251 71 88,226 88,226 
250 81 88,226 88,226 
247 80 88,226 88,226 
246 82 88,226 88,226 
256 83 87,924 88,226 
255 84 87,779 88,226 
259 52 87,521 88,226 
262 62 88,226 88,226 
263 52 88,226 88,226 
255 79 87,215 88,226 
260 65 88,226 88,226 
261 55 88,226 88,226 
252 82 86,645 88,226 
257 70 88,266 88,226 
259 59 88,266 88,226 
254 81 87,000 88,226 
258 67 88,226 88,226 
260 56 88,226 88,226 
model predicted the response of the system to 
these changes. 
In summary, the model predicted that 
water conservation measures in the two upper 
subbasins would not significantly affect the 
salinity levels, but the flows available for 
downstream use would be reduced by the 
increased evapotranspiration. Implementation 
of the conservation measures in the Salina 
and Sigurd areas would reduce the water 
availability and increase the salinity 
level significantly. Al1 water flow paths 
are potential salinity loading routes. 
During model calibration, portions of the 
salt loading are assigned to each flow path. 
Management measures that reduce flow and 
salt pickup along the major pickup routes 
will r ed u c e the tot a 1 sal t 1 0 ad in g and, 
conversely, management measures which in-
crease the flow and salt pickup along the 
major pickup routes will increase the total 
salt outflow. Dilution and increased evapo-
ration or concentration also have an effect. 
The lower basins seem to have more salt 
formations and sources to supply salt in-
creases than do the upper basins. In all 
four subbasins, the additional evapotrans-
piration caused by a 25 to 30 percent in-
crease in· irrigated area could be offset 
by reduction in the consumptive use by 
phreatophytes. These nonproductive plants 
include salt grass, willows, tules and 
cattails, and cottonwoods and are concen-
trated along canals and ditches, and in wet 
areas along the stream. 
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Figure 21. Relationship between application efficiency, canal conveyance efficiency, and 
canal diversions to water outflow for Circleville subbasin. 
CONCLUSIONS 
The effects of on-farm water conserva-
t ion measures and i rr igated acreage changes 
on downstream flows and salinity estimated in 
this study have significant implications for 
water management in the Upper Sevier River 
Basin. These conclusions are: . 
1. Data consistency is extremely 
important for model calibration and applica-
tjon. Consistency is required among the data 
and between the data and physical relation-
ships occurring within the watershed. 
Consistency checks should be made before 
us raw data. 
2. Cons istency is· often a problem for 
data collected over long time periods by 
various people or agencies. Hydrologic 
and climatologic data are generally collected 
by standard methods. This reduces inconsis-
tency problems, and double mass curve and 
other techniques can be used to check doubt-
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ful data. Salinity and diversion data are 
less standardized and the total collection 
network is much less satisfactory as a data 
base for consistency checking. Sensitivity 
checking provides an initial step for evalu-
ating the consequences of various degrees of 
data inconsistency and inaccuracy. 
3. Conservation measures in the upper 
subbasins (Circleville and Marysvale) would 
not seriously affect the quality of water 
delivered to downstream users but would cause 
a reduction in quantity which may have an 
inverse impact on salinity production within 
the subbasin. 
4. Conservat ion measures in the lower 
subbasins (Sigurd and Salina) would increase 
the salinity levels sufficiently in each 
subbasin such that an adverse effect on agri-
culture would result. 
5. The computed and potential evapo-
transpiration rates in the Circleville 
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Figure 22. Salinity concentration response to changes in the application efficiency and the 
canal conveyance efficiency - Circleville. 
subbasin and perhaps in the East Fork and 
Marysvale subbasins suggest that excess water 
is being applied. The low irrigation effi-
ciencies and close to potential ET rates 
indicate that these areas are receiving more 
water than the crops need. However, since 
salt pickup in these areas is small, these 
subbasins are probably providing a 'low salt 
added' groundwater storage. 
6. Additional computations and analysis 
are needed to establish the sensitivities of 
flows and salinities to imposed measures and 
to demonstrate the interrelationship between 
transportation and application efficiencies 
and other processes in the field, such as 
tailwater, percolation, and evapotrans-
p iration. 
7. Additional effort should be spent 
in determining the amount of water that could 
be saved and used for irrigation by elimi-
nating or denying access to the water by 
phreatophytes. The feasibility of effective 
phreatophyte control in the basin needs to be 
exp lored before formulating such a program. 
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